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I'ipehncs atc one of the nit-thuds that widely ºiscd to oil ; uu) gas indtistiirs to ti; uisputt 
thcu products as it is ccununiic; ºII`v ellicient IirsRRIrs tlº; it, it is also ptocrn that sut, niatinc 
pipc"luic is Iiic"ndly toccanis the emnonnirnt as it only eontiihutrs ?I scent Isom total oil 
spills in the oce; in. As it is naive, stihnºatnie pipeline is lay antler the occ"; ni which ; to 
hostile env uonnient tow; ud It,, ('ontuiuuusly c"xpusrtl to the me uonrtic"nlal Toad such and 
ware ; uitl eti scuts, these pipchines nerd to he stable so Ihat it w'ais't get Iatig. uc due to 
constant niusement Ihcic"lote as the On Buttons Stability Is vital tom; ads suhiuail is 
pipc"hnc", this piulrct is cuncc"nltal tun oil llie c"xpciiniental and theoretical study, ic"g; uding 
these aspects II consists of t«o parts which ; tie esprtinic"ntal study to nieasuie IIºe Bicc 
actiup. on the model pipeline and also) to ohsctS c the hrha\ u, t oi' the pipeline under the 
acting torte I he who ()tie is study using the I )IN spieatlsheel to observe h(m. the 
pipeline stability satic"s ccith the p; uautc"trts leg; uduig it lot the rxpciioºrnt; il patt, there 
amc niechanisni that heing design to nic"; istitc" the loicc acting on the pipeline inuolel due to 
the wase and tuticnt and iestilt Itoni this expeiinirnt then will he conºpaie with insult 
Itoti the intltisttial spmcadshect, 
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\1.111N. liy. utrs hacl Ilºcn ºck"cl ºnºnºr; ºsut: ºI, Ir aºuuunl of Y. utcl; utcr, uIras, assºst; utrr. 
sultpuºI : uul acMrr Without Iºrll, hmmº IIºrsr pruplr, this I. tnal 1'rat I'ºººIcri may tu+t It 
that nir; uunl; lul and mitc-rIul l Iiratra ahpirrtaluon 1. r\lnrstircl to Iltr lulluwiity 
indictduals, Nil \1rut, \11 I(Iii,, Nutul Ilusna Ii; ili: uuclºIin, t\ltss N; ilc%: i Ilaniicli, \1º 
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1)t0%rn to tic u. rtul ttt the tn(Iu"it y 
I-ºtrilly, I would Iºhr to th. utk nºv lauulv 'Ihcy lutvc hcen .1 woncIctltt) . uutrc of 
cncuutapcmcnt and Iuy to nºc and . tl, u nut to Iotrct tltr IrIluw . Iuclrnts who's tIºcn hclp 
%%a. .1 Itctncnclous r. tit to rtºc N1; ºv ( IrnI bless ; ºII uI u% . uul only 111', the Alillighl. s. could 
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ý 
k It It iii%ikIit, %%Is kN 1)M)NII.. N( TA 1t RFti 
I hr Iullu%% Iny di Iintttutt" irlci tu . ihhirN t; Uuºns 11"r4l tlituiil'. 
iiuut this (Iuk-unirttl 
: \IN\II- : \nºc"rºc an tiu: trty (, f \Irc-lº; uur; ºI I'ny. Inrrts 
: \NSI : \mrttran National tit; uºcl; ucl lttsttlulr 
MI )I Iinttulu ('tuclr OºI I rtrtºtna) 
( 1) ( "Iºatt 1)a1unº 
1)O I )ryrluhnrrnt I )1\ Istult 
1)I. 1" I . 1k 11111c% 
hnE-. Inrrtlng I )r1); uUnrnt 
I)II-S1" ( utluoratr IIr. tllh tialrty and I"nyuunnºrnl I)rpatlnu"nI 
DIN Do tiutslcr \'rt Itas 
I)S(AI Supply ('hatn \I; uºa}"rnºrnl I)rlxulºrn"nt 
l. ( )It I n%uunntrnt. ºI (>u; tltiy I(rpul; ºltun 
I Wti I till Wrll tiltc: un 
I!: \ II IIL: hrst : \sitununuc al I I& 
I: \ II utkr%t : \staununural I Iclr 
\I: \( )1' \laxumun : \Ilu\yahlr ( >prtatllº}; 1'trssutr 
\IS I \Ir; ut tira I. ryrl 
1'(1'rttutras Callgall Still 1111d 
I'I. 1'tltrlu1C 
SK( ) ti; trawak ( )I)rtattutts 
ti\I1'ti ti1iCCtlircl NItntnttttn 1'Irlcl ti(rrny. tlt 
I Ii: \ Vo he ach t". (-cl 
lli(' Iutic iunlnnu"tl 
I I! '-: \ I rntana III ulluc'tit'll :\ I'Iutlutºn 
I IT It I rnº. ut. t I'rucluc ttun It 1'I; Itluttn 
IIll )I' It I rnt; uta UtIIIuºY. I'tuciuc ttun It I'Iullount 
II1)I' U Irtnanal)ttlltnP. I'tu4lucIºun V I'lutiutnt 
II1I l' Irrºnuta )ackrl l' 1'Iallutnt 
II11II rtnalta lat icrt I V1.111411111 
%" i 
Il 11' 11 Irntana l; iArt=11 Plat tol III 
I I"1 I('l I rnt; uta . 
lai kc"t-( , Plat I'M III 
I I-. \" :1I ent. ut. t \"c"nt :\ I'IatfulIII 
I IA' It Ic"inan; i \'rnt It I'lallutnt 
/unr. ' I'ultlult ul thc" Iul, rltne systent Iur; tlelI at an ullshutr I, I; tili, tnt hunt I, tf" 
ttal, clu%% n tu Ilsc"I bottom I, c"n(I at the sc"ahecl tnrlucllrtf, ; ut c"xtra Ic"nt! th ul 
I, II, c" uI ; tt Ir; tsl fi%r pupe ihantc"tets hryund the huttunt bend ut Iittnºt,. 
/unr II he teni; unclc"t of Ihr I, tl, ehne systent. 
I tic numcnclatures to tic used tlituup'huut the rn}ýºnrrtnºýý ºIrsiy. n alt. sutºººiº; ºtºicºI hcluw: 
1 ýýairt patticl4 acc-rlc"tatum nutntai to tltr pipe axis (tii/s") 
All at'tua) runtart ; nra Iýc: ttýrrn I)tlIc and soll cilunp unit Irnp. tlt of hthc 
(t- tit) 
I'tl'i 11u%ti itutis . iilturt: tl : uc"a (itt. l 
.ýI, tl, r . tic) itus, -, c"ittunal aic: t (nt') 
C wtl iu)trýtutt (N/ut' ) 
('u iurttiiic nl ut ýliaEý (ttunrmtunlr») 
(ý it><ttic tc nl ut ntri tia (, Innrnsumlrss) 
('t iurtiiitrnl of lilt (, lunrnsumlcss) 
Cl trilsl(111 SUt'tlltll 5lll'll}! tl1 tvhlt'ally lilll}! 111}! 1,10111 Sn to ItN)° (d t11r 
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('1I kill FIl I 
I\ ruýýtýtc I Il)ti 
1.1 liack}; ruuud of Stud) 
I'ºIu-Iºnr º. unc Of Ihr (t)nºnºuniy n"ril tnrthuºIs Io tt; uºIºm t Iºcluºcl and ºn ( )ºI and 
(1.1% IIUiml11C% l'tl'riutr rny. inrri inp. is unr ui the %it; ºI runtlumrnts to he t; ºkrn mu, 
awL: uunt+ Ucrau. r it 111%ulvr a huF. r aunuunt ut tn%r, ttnrnt and it', also Ii; uulunt Iiyuul 
Ihat %aluablr atul : ºIw h: uºººIºiI to rn% utnuººrnt 
I 11L- cIC\4IuI1111Ci11 ui 11tl1rltnr rnytnrrtlny, 111111 uu1 tllr tune Is niualy by tnttl; lttNr of, 
the 111a1ut %%ul lcl'. Oll . 
lud (1a. Company . uc"h as Shell hunl I lull, uul, I)rt Nut. k Vrl tl; t. 
(1)nß') hunt Notw. i aticl ; 1Isu : lnirt ic-an PCttoIc'lnll Illslltnlc I Itrsr major rnltltc"s had 
dUnlJnatCd thc clrt clui1ttºclºt 01 lulýrltnr c nFýuºrc tºnfý. ; uul rý rnt uut IT I Kl )NAti I c"c'Itººti ; ºI 
titandatct ()[I' IS . ºImº IS bawd cm tlºc" SII I' 1I and DI IV ýtandatd 
ThcSr 5tand. ºtd5 ate hruºg dcSelupcd ha5ed on Ihe theoty and exiu"ttcnc"e5. uu1 nuºzl 
of' it 1mol%e 4155unºhUon and I1ted1rtlun e5llcc tallY (u1 the . ubtnatºnc I1lhehne I h15 is 
hck-au5c undclwatrt hlheIuºc 15 hatd to he tnonltoted I1hv51rally runlil, ued to otº5hute 
I1111chnc Iir51dc5 that, , uhººtatºnc pipeline a15o cncoutllct a lot ol 4lncett. lilt lc 5 due to fact 
that it t5 undet the 5ca which have a lillIelctll c115 nunnlcnt suul condltum lo he 
c Unatkt ctl 
: \s hic suhnºannc 1º111c1uºc Is u rcl+ºIlvc"11" nc'w Intlumly, thc"tc" 1s lack 111 it srl ul 
systc: tllatli stantlalcl that k-. 111 I1c c"n111luyccl to u11tIn11lr 11111cllnc tlrrcltºIm1c"nt 1ltutriis 
I'111cIlllr oIºCIat111}! t0tt1I,. 1111c, lnr luukllº}! 111u1C ililll Illult" Itº c"I1p. I11c"c"11111.! IIº11u\'. Illun to 
111mnlc thrill with 4ust-rllrillrr a1º11tu. 1ihrs lot tioclotº1n}! 111rIt 11111rlºnc" syslcros 
Iircausr c11 Ihr huy. lr I11%csUnrnl III u1I111cUC, c"s11ci1aIlly In tlrcllwaltcl clc vc 1u11nu nt, anv 
t'lttrllr114c E'. i11tICtI Itu111.11, y I1111t"11t1t' 11101c'il Is 1'rty Ya1111: ºhlc' lu 111c" whulc" IIItlllsltp 
i 
1.2 1't ublcrtl . 
1statt"mcnt 
I hc- . uhnºaIUºe I'ºIºrhnr ºti e\I1u, rtl Iu Ihe II\tllUlll1º; unii It Ml'e \ý Iºic-lt iuntil. %tti uI 
hie tlº; ºp. : ºnti lift hotic 1111. luºt e ian ýýau. r ºnst; ihility to thC" Iººpelºne ; lud ºt% r; in rithc-º 
rau. r thr pttxttnr to hc % ihtatrd ut ornt ýrýna the pipeline can r%rnl huov A 
ilttYrilrty. hiix"litu ts not vcrv Ia% utaltlc (, cc; tusc tluc tu tlic I; tct that the I, ihclttir is %trrl and 
this iunUnuuus ntuvctttc: nt :; Ut C; tuSc t; tttyuc whtch tc', ult 10 OIL- I1tlu-111W t; tthue 
1.1 Ohjectlýe, and Scope of Stud) 
Ihc: uhlritt% r ul thºs I, ºulrct ºs tu vrººIy arui r% it Iuatr huth rnºI1utc-aI and 
thrutrttral hnkcclutr% in thr htr(Iºrtunº u1 ( tu Iiuttunº Stability ul thr suhnº; uººir hºhrtºnr 
III. utrludr hlhrIuir at %attuu, drlºth and , tlw , hulk- ctplºtuuilu"s 
tnilurttcr of ýraýrý and iuttrnt 
I'iI'rlinr un(Iri thr 
A teaI tile suhttta1111r 1,1110111c 1ºtulrcl wtll hc ulr1111lict) and . 'III tclaletl ti: tla 
rcrtarth11y. tt% fill IxºttOtrt st4htltty wtII tic ctºIlcclctl '1 Itch it model OI a millmal tile 111110111c 
wtII tic tlc\cltºhctl hasctl Ott the tc4l life IttOlccl Iltc tttOtlcl titctt will be 1v%1cd if) 111c 
(11f'shnrc I. afxºratOrtc% ttntlcr cm11tºtunc: nt4l cuntlttuºn u, slated in the tcal life plolco 
111c resull hunt thc lcst wtII tic cO11t1º: uctl wtth ('at tp. 4ft's ()It IIOIIOnt til; thtltty 
Spreadsheet 411(1 theoretical cvulu: ºttOn 
('IIAI'I FI( 2 
1.111. RA 1 VR F it i-Xl i-AN AND I Ill"( MY 
2.1 "'u 1lnlal lnl' 1'ipclinr 
lirn(-i. 1li) %iihni. iiini ptlu"Intt ian ht ilasstlttcl. n tt}ýtcl litlu-Inn" and also Iltxthlt 
l"il, t but (Iut Iu tttt. un % *I tttt ta Mich ; lx tionutny and nt; ttnItn; uK"t I iVict pthtllnt In ntuih 
nu, tt al, l, hrahlt ut this ttp. lun 
1'01 a ttY. ºcl . uhntattnr I1tl0tnr, aahtlºtv ts our ul IIu" nº; tut iunirtn. hrc"; iusr ;º 
iunUnuuu" trnºvrmrnt i. ui iau. r I. itiP. ur to thr . ttuitutr 0ºIlrtrnt hunt Ihr (In. hutr 
I'II'rinr, . uhm. unºr I)tl)rIinr º. h; uii and iuak, tu hr trp; ntrcl tl ; utvthtnr. h; ºI1hrnrtl 
Itr%ºclcti th. ºt, , uhºnattnr I)ºI)cImc also utc cxhu. rcl to a voaºlºnuuu. 
tiur it) Ihr ý' . I\ r and i Uttrnt 
I. ut till. 
Irncun ýl. ýhlr at thr 
1r: 1som, pil)(. littr nrrýI it) he 
liýýliuýlyiunir It lil'l"ti 
so ih; it it %k iIl 
, rahril Unclrt rcunnts runiItttun Ilolit rntl, ty I1111rlinr tluttnF" 
In, t. 1Ii. ctnºu hh. t. r III Ito hr. t% yS tut nt (It if tnP. upr1.111 un I, ri ioxl 
Ilycltcxlyn: nntc, , t. Ihtltty ts ºIrtc"tntinr1l n, InP. 1"I0tt, 0n', I-. IIu"attlºn whtih tc"Iatc", 
hvdt. ntlti lift, dtap., ; Intl tttc"tttal hºtrr, it) local «atrt lºatltrlc" vrlcºrtty and arrrlrtattcºn 
I hr c ctrilirtrnt, n, rd, huwrvrt, v: uy , tP. ntitc : uºtlv ittan unr mtuattun it) : nuºthrt. Iººt 
c"t. unlºIc", thr lift antl ch. tp. ccºrllütrnl+ tot I) 0 and I', whtch atr tc"ptr, rntpitvr of a, iruly 
4ººttc11t, a11c slut iºhptº+ptwI. ' l1)t u,. tli: ºIº11F. Iluw t11 is wuvc fit-141 Itt u. lºitttn11, titc. sc 
. 1). -II1. tc111. utc tclI11lctl It Iltr ptpc IS 111)1 IuII}' cxputicºI hcctttttir of llcttº'lttlty. ut 
cnºhc. l11ºr111 
I licit: arr tic"% rr. cl mrtliuck c, iii hr inyIrnlrnk"ci Iui 11111rlinr tu : chno r it. 
hýclýuclýn. uiii: +tahilo Milch Is 
" Int: tra. r thr %crtpht º, I I, tpc Ittic hv. uIt ItnP. (-\irtn. º) .m nrtrtr co. ºIin 
" Inrtra. r thr . uhtnrtr. r (ºtlºrlnºr bv lilt.. thr I, ºI, r \c. ºII tbtrknr» 
" In. rra. r thr . I. º1, tltir hti lit-lit IºtnP. Ow I, tl, rlnºr tilt, ) Ihr sr. ºhrº) 
" Inirru. r lhr %lahililN hN lrrnihinE', lltr IIil)rlinr 1111o tilt- %vabcd, 
" 1JJ c%rit'hl to the pipeline hý hull oll the c%riplti or ioitirrlr ituilllr,, Nr% 
And thc must wnnnunlý u, cd nu"thud is cunerctc cuatinp. due tu the ecununtü 
rcasun and the uthcrs ntethuds i, usuallý ahhlicd ;n :r initip; ºtiun action tu uýcfcumc the 
hihclurc rostahrhtý during uhcratiun I1hasc. 
I ii'uir .'I( unk 
It (i), ilinl' 
Ilýchýýclýnamti.. tahtlo ; tlw need., it) he analNiecl h; t, rýI on tlu" iom(hlnnt ihat 
III hc cýIwº. cc! tu the hthc Iutr c% hti h i, dill tnr. IltslaII; ltlnll I'hatir. I I\ tIt I e%t I'h; nr ; utd 
ttI*rr; ilnºn I'hu+c Ihc%c vunclUtýntti ill clrtc"titttnc" thr t\ Iir ol %tutnt ; uul oll tc"nt 111: 11 \ý III 
IV aI'I'Itcd clurtnp, the an; tlý. is. 
I I) the Iu%t. 1li. 11itat p11.1"c, %%c .% III u, c Iý cw %(()I III pct I, ul . 11111 . uinc . 1I, n It the 
II Jto Ic't pho. c But, lot the ( )I t. lt11m Iphau" %%c wII tr. rýl the 100 %C111% %toIni 
.1 
In, t. tll; tttuit condttuon %%tII hccantr the lnusl }ýuycrntn}ý ctttctta hc"causc at this tiinc" Ihr 
11111rhnc is cntlltý and It}; ht Itrsulc" that cvatct dcpth also will havc" tna. jur cilrct on 
ihc hydttKi}-natntc stahthly. I'tlIchnc at the ý. hallim %% atcr NN III hc" ttunr affected by the 
cc. tcc" and cUttc- nt dnc" 10 thr tIºc"utc"ttca) way c" 111111 11L. : uui ccacr ttIt c"tact lUtt ccIt h scahc"d. 
2.2 Mudding I hcor) 
Fut my Ilihcline trnxlcl, it I. hccn utlvisc by Illy suilcivis1)r it) use tile Floudc 
tnunhct it) . cahtt1; tlmýn the Illututyhc pIhclntc to cn". wc its stills 1)111 Illlut; Iti1)ns, liesitics 
that, I tuUtic tlunihcr Is 1I11)Ic ilcxlhle : ultl t unllnchrn. Iýc c1)nIlt; Ut" to the Itcyrtultis 
nutllhct. hc4ausc its C1)yet. I1I1)1e Ctttetia C1)mpi11c ttu hic Itcyttultis. 
h) it ittcxlcl . 4alc Of I: I(N) tu 11UU, it Is %iIt uit ll) ýni{w»ihlc Io in; iintuiiI thc Iic: yno It I% 
tiinulttutlc (('haktuhautht, 1994) 
"... 1111% i, unc tca. utt why tuudkl tcaa atc uut always dunc at cxactly ctImilI 
Kcytx)Idx ttumhcts, Sonic tclaxatiom of thc c(Iutvalcnk"c tc(iuucmcnt is ullcn 
44rcptuhlr «hctt the KcyinoId, nwnhrr 1% hiP. h, Ilti1iiY. 11 
hccu Iwssihlr. ." 
wuul Iunnrl nutv have 
(l ! nm m. itv ui I rrcls) 
tiut4c the kcynul/1y titinilttutlc is nut it good chrnc'c, it Iuithet chlbol ill 1011 ()It tile 
u%aps 01 +tlntltlutlc Is ncctktt I itciclutc, «"c use I"tuutlc +itnil1tutlc, hy , IIuwtnp. 
raililt lolls tit Itcýituhi. nuinhci (l i, u, l ill. tl , 
Icitg, '(N)'), A+ a, t4uI, the call: ulatttntti ltunt 
file I'I I y"I tiKl ) inpcltitc aic tlcit%ct) I1any, a-utuctl 11415, , ntl , pitlyntp. huutlc Nttnthci 
ill tll"tICI .. altn);: 
S 
I ut t11C CAICUIatiutl ul trn, clc"I: 
I akltlp. tii alc of I: I t); 
I'liýc ýIluulctct 11ý Inutut)Iýc, nl tiuulcl) 
clý. (1.1. (10111 
I/,,, - 
! 
l 0.1 Um 
I hr ctluntuom uwd ur . tti 
(uttutk ti 




iºuutic nUtnhct º, thc tatºu of ºncttºu IIUCC to F. ttºcºtAtioº11lI Iur4c. 
hl)t h(' rºutnhcr: 
li (" 1ü h: ftuution 2 
kc' nunthcl is tttc Ily(IIotIyltitlllli hqcc (rlIt hc IIII)c tllt(I('I \Cit\'( It tl(II11V.. 
I oi Kc % rtcºIcla numbcr 
,^ li 
ur i: ºIuutitºtº .ý 
ýin. c Ixth II and I: c" . allnot hc ýatýs. lýrcl cnicuttclrtly till tn. xIc) tc. %t. I"tuuclc 
%%. 01111P. 1"+ uticd uuunk an, l %: ul, ttitl, 411r alhmrd I, n Itr ul, tu 
Whnktahatihl, 19941 















Ff luulio n4 
Fºtusitiun 5 
i`a1uuliou 0 
I K(Iuution 7 
Iiuv, In,, ý c-". that I i, nulc and F, c' nunihci r. ut hc . att, liccl conruttcntly 111 (1111 nuulrl Ic,, t 
I tic run}, c I'll hruuºIc uncl KC rtunttºct 10t thc South ('huut ticu utc () O, ý uncl () M. 
traºcctt% cly It thc cvlx"tttncntal % ulucti hull hclµ"c: en thcw tun}; cti, thy c'"ut hc arc. clºiccl. 
I tic Itcvnuhl% nunihcr t. yntullct than the uctttu) cultic by two utclctti (( Pilo, G u, . l'" Jcng. 
7 
I3elu%+ . ue the iOunhaiiuon het%ccen t'iuudc . und IteynoIds nu, dcling nunIhc"r hascd oll tile 
hhenumenun: 
I'I1cIHolllcilull 
W. Itcr 111: 111c . 11C. 1 
11'c1tcli hull sill Ia: c 
ý'ulunlr ut 1I1tI, I. 1: c111c11t 
ý1. r. ý ul 1lltiillil: r111c Itt 
11utiý nlunlcnt of II1crUa 
I'rC'. %111C In thc tluul 
1 111111 lur: c% 
I-1111d n1onlcnt, 
I umar11 Npc"c11 
I'1011cllcr /11: 1111ctc"r 
I'r uhcllcl i11t: h 111cO 
Wavc Icnp. th 
W. 1VC 11crI/KI 
( ).: Illaillat lrcciucn: y 
Vcrill"al 113+illa: clnc: nt 
Angular /ilalla: cnurlt 
Vc1t1: al ýCluclllc"-- 
Anp. ulat : c11K'lt1c% 
Iti11u ý 
I'mc cl 
Vcrtlccll at: k: c1cl at it'll 






































< iiýrii ii ý 
\11.1 11( >I)(11. ( )( :l 
t. 1 I'rojcct Icivil tiflcutiun 
I ur thn ptuJcct, a tc: ºI Iºtr suhsca ptpclltu" prulc"cl had hcc"n ulcnttticd and it is I'l 
I y"I SK( ) pllx"Intc rcplacc"ntcnt prulcet I'c"tlutºa (': u tgali Still. I, *lit l, (I'( "tiIi) has plannccl tu 
tcplacc thc Old plpcltnc systctn tAc tllttc"s %% 1111111 I c"tºtaua Fic"Id. This utlshutc ficht Is lui: ºIc"cl 
tit 13ahn}Matt PculugICal pturinc: c, suntc: itl kill crest ullshutc Ilinlulu, ti; ttacrak I cutana 
I1cIt It untpttscs to tmuu pnoducnun platIt it nn, II VA (ticc'tur A) and 11, I' Ii (tic"ctut li), 
11 DI, 
Icmana-A cumut% of ImKluctum I, Intluini 111' A hitclr. c Illlkcll to dhtllinp, platliant 
\ ancl rml, rc,. tiuni I+I: 1tiu1nt 1 VK :1 In thi". . c-c lot : uc: i icnuutc %cnt I, 
Iutl0im I I"V 
A . uul t tiatcllºtc Itlatiotnr. 1l'1I l'l', II 1111' F antl II'1I I all ctmncitctl ýta Ittltcltnc. " to 
the Il'. 1'-: \ Itttºtlucuºy. Itlalitltnt Icntana It io ºv. tr. l", ot plot Iuctum I0.1110 ºººt II' I' lt hl itlF. c 
Itnl. rcl tn clttllut}, hlat6nnt I IAW It In thu, : rk tit)n utr: 
t%ku tiatcllttr platlünm 
pt, xluwut}; platli, rm. 
1rnu)lr voll I1Ii11101111 I 
I'%' I. i11ui 
II 11 ( ": uu1 I I" II 11", all c-uttttrrlr(I c"iu hipcIinr's to Ihr I IT It 
Ihc 4nuk 4111 Iloq» II 1' :1 I+ pungicd it) IIIC I IT It pIuIi, 0Inl by Ihrcc (; ) cI'u(Ic oil 
trunacr puntps 1' ? iU( (754 (hlxl) auul (' SM SOS ('rIhUI I hlxl) . Ihr iunthinrd irutlr ul 
I is 
l'rutlr OýI I tunacr cxlx'ttcal to I11ntulu ('rudc OtI I'rnutnnI (I(l'() f) by thc 'x I6.00) %ih d 
Yunip+ (('( )I I'). 
I hr old p1prluic ". v-, tctn tui tlttv tu tic rcpltticd t`. ' 
0 12 1 tx It ('t1u1c UºI I'tliclºnc IttUºt I IT IIIu Ii( '( )I (1'1.18-1) 
111C hºhclºtºc t citlawcnºcººt mcut k r, lict (uº nu"tI by 1'( 'tiit'ti I )c%cluynºcººt I>ºý nºun 
(I)I)) t}ºcnt+cltc^ Ihr i)cr, unncl ºnt, 1lcctl utr Iºuttº Inrºlilºc'. I nr. incctºnp. I-)cluntmcnt 
(Di I). tiuhi, l> tlº. un \I: uta}.: cnºcnt I)cli: utnn"nt (I)ti('! %I) nntl ('uºpuºtºtr Ilr, tlth, tiulrtý 
: ºntI Im uunºncnt I)cltutitrtcnt (I tI ItiI ) untlci 
l) 
(DI I), tiuhhlý \Ianau, rnu"nt I)rliarlinrnl (D's( M) and ( urporilr I Irallh, tialCl\ 
anti I n\inmmrnt I )rhurtitirnt (1)1 ItiI ) tinder I'( tili. 
11W ', tiaraýýal. OPrraliýmý II'l tiIi-tih()) m II he ; ºvi, tinp, Ihr (ºrojec, l tr: uºº li, r 
the cnUrc %%t, rk 
I Itc %%i , 1k iiýllýItilý Ihc xupc of: 
"1t. t; ulrý! rný, inrrrinl, dc%ihn 
" PK-lIfC111Cnt 
"( ý)11%Iftit: 1It )I1 
"( oUlilt) hS lIHli11F' 
I tic crutlc till Ilihclinc twin II I' Ii tu Iil tº I lilt- Iudinp. tIIV II IV. U'Uh% %h; I II hc 
dc. igncj in ; Ill l)f41ancc %% ith I' I ti'u I'ºh and its tiulýhlrnu ni; u ý issucti in I chru; u ), 'UU"1, 
%%hith %Ik: cific+ lhc : \titiI : \Is\1I Ii iI rudc into to cunthl; %%ith Ihr icquirctncnl uI lhc 
I'cUulcum Nilrtý \lcuuircsº \rt, I9K"1 
N 
r _ Cl 
'___F. 
ý JýGý 
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snsist ý; ý J, 
rmass 
Iu 
3.2 1): ºt: º (:: ºthcring; 
Anc1 full"c% illy. i+ this 1'I Ix"1 , tahilttý tclatccl data: 
s. 2.1 Wutcr I>cplh 
licl: ºtn c to \Itil thc %c: Itct ºIcpths in thc %Irlnltp ui thc pl; Itlut nIN cuc : º" Iulluw.. 
II 1' I{ 1'I. ºtlotttt . 
'! +. ti. '. in 
Shutc : \pptunch c), lX) In 
x. 2.2 1 idol 1)utu 






Iiv. hrtit Astrunuiic"aI I ulr 
: 11r: ut sru I c%-cl 
Ilrikht(m) 
ýº, u 
I. " I u%cctit Aatutuutticul I ttic 
'I'ublc SI IººI: ºI l'h: ºº. ºý tcºNu 
1.2.1 Storm Surge 
I-hc dcslgn titutm sutgc Icccls at I cmunn Ii('( )I illc Nutlit llIII l . c'lI ut I'llhlc 2: 
Platform 
tI I' !i 
N('OI 












1.2.4 %% it %c I)atu 
Ihc" cktiix'n I Nrat : uul IINi Nc. u (nnnt titiritumal and tlitrition; il t%u%r c: nnthitum Iot 
thc hlattutnts ; uc sunºtttaºvcº1 tn I ahlrs º 
H: anºI lt, tic tcºluttcºl I'M stahthty : \naly, t, 
Slumming Aualy-t, anºI itt, ct tittcs, Attnly, tti 
i 
I)"rriptiuu 
Mcýuý 7. cru ('rusýnp, I'cýuxl, I, 
M1uxuuum Wu% cI tctght, I I,,,, l 
















hihlr 1 1; 0111111 I)iirrluuuil W71%. r I)tIU1 
Now 




l. '. '7, ( uI I cnl Da la 
the dc-. l) t I-ycat and IUU %c. u dc%tE: n ointu duc: Ituttal c-uttcnt data 101 tile 
hlatII)nm utc +unºnºatvcd to I ahlc 4. 
Ur+rriptinn 
Sul 










Iahlc 1 "1 ( hiuu D ticiUun{tI titcutIy tittttc l'uttcl it I'iI I IiIc lit I IT It 
Not<-, 
I "Suttaic "vuttcutx Nrtc %aIuc% ; it tint (hclI)w" MSI 
ý "Nutlutit" ruttcnts wCtC vatlucx III ' sm athººvc ticuhrd 
II 
. 
i.. i Ilwnril Il1CI111t1c: ItIo1º 
Ilai: utl ººIc"ntiti.: ºtiuºº º. nrýc"..: uv lo nroitl irttlºIiculions Iutcl on whcn tloing the 
czhctrtncnts Itlc"ºittINinE, h: v: ntls hclin'r it occurs olic"n iun saý'c tittle, tttonc"y untl even 
Ittc I hctr atc it lcw %rtul utcn. that had been itlc"ntilictl as huiurtlous, and it f0v steps had 
been taken as u. autuºnury ntca. ut r. I hey arc: 
i.. i. l tiOIýC 
Ihru C%. tIctuncnt, «ºII tcctttI tc tIºr us; º}ýr of it ItuwrtItº1 I1unºti that F. cncºtUc% it lot 
of Ilu1tiC It) %; uutttrt thc %idc rlh'it of 11411w, rat ntulilrts will hr usrci, and thc ituntp had 
been IuoliUCtl (Iutitip. thc tn%tallatit'll of thc I1umc. 
1.3,2 Vibration 
I hciC ctll tic u Iut of s ihrutiutt by the pumps dull F, rtlclUtC clltrctlts for 1ºur iluntc. 
IhcrcGºrc ptc. uutturruy stcps huvc hccn tukcn by puddtup. thC pump urcu (donc during 
pump utstulIasi iun). 
ý.;.; t: Irctrkýl 
Ay thc cxhcnmcnts wtll nuunly uyr htE; Iº rlrrttiý tly luºwct tu upctutc thc pump, uotttc 
i aUttunat y%tcp% ha%c hccn tukcn: 
I lu, I: Itc thc plup, Ituttl w-iltct hull. Iýuttlll, 
I'wc ttlhhct In. ullltur tu cm ct thc , N'IICIlh11? I III Cu? ic l1I l1vctlkºw'lllj; IlI w'ulct Iunk. 
3 Only "pcr: Itc Ihc pump w. hcn III o% cn tlcccs%uly, 
"1 1', c tuhhct luNn what moo Ing the Itltlk IIIId d ncccSkury Ilvuul omtuct w. ilh wutcr. 
III 
º.. Z. -s n11 
No clu". I h. ii. ud iticntiliriI in tlir I. 111 r\Ilrttntrni-.. 
33.5 hirt" : utcl F. xpfu+lutt 
Although tnust tº1 the ctlutptncnts usc ýcalrt, titr antl cxpltºsitnts iar, tttl do cxtst as 
thc puntp uscs htF. h clcctttctty enetFy. titnec thc Itaturc: of hic hururtls in Ilty' expclttttc"nts 
nc: %%atct-clcc'tttetty Iclatetf, ;: urnc"nttttnal watct hasctl fire rxttnFýutshutEý plan is 
unsuttahlc Instcatf, tlly chcnucat untl 1oat11 hasctl hic cxltnEýutshcr utc ptcpatetl as it 
c týntutF"cncy plan. 
. 1.3. (, 
I-ullink cNbjcct 
1111% utay o:: ut (Iu1 ntý, hltlilF; lýtoi rs ,, it 111c: ctluillutcrlt is not 
hclil}; hmprt Iy 
ihc: kctl and nuuntatn It is a hcst lttaittic to n"ul hon hrutE; mulct thr I111c1I ohlcit to 
a% out ally unu-11111C41 thtnF. hahhcn 
t. i. 7 1 ilting 
I hc . pax at thc %utc ut lhc tuuk is %-cl y tinºuli unci . unu: ttntcs tºcutºIc itccºI to step oll ºt 
to Icu.: Iº u)tttc atca Itc%º. Ic ut . ºttiºII : uciº tu he %trtº oil tit the uºicicllc of ºt hu%c: tº steel 
]tructUrc clo-atccl «hti h. atº .: Uºtie thump h, v: uºI. 
I-S 
3.4 i" %pci iini"litul 'St-till) 
3.4.1 \Iodcling und I. 11%out 
1 hc nr(tIrI wtlI hr tit(ctl onto the cvuvr tank hctl. 111C I)il)clntc modcls 411C PVC 
pipcs, ISnt long cat: h. I hºcc (htlrºcnt cti; nnctcºs : nc usrtl; 0", T' and I" alto %%c tick-ldc 
to walc it down by ustn}; Iºuutlc tnuticlutg numhci of t. '1 hc cntl tut I)ihclinc %% ill hc cap 
to , tmulatc iºutallattun condition Mitch ºs thc most guvctnutF: condition in htpclutc un 
bottom stahtitty. 
Sand at><I stunc'. nrc used tu fill till thc 1'1Itchnc mutlcl to simulntc self %%cip. ht of' 
Ilic luhclmc It the s: uul and %tuttc are not sultictcrtt we may chanvc it tu ihc stccl liipc of 
nntt) 
I wo 0,01 xcnatt% tty (ItF. ttal 1crtlc. tutc utieil to ntcu. utc 111C foIL-c 110111F. (m the 
htpclutc, the tn(xIcI und thc (Itg. tt<tl . cttlc will hc cunncctcii using 11 tcn. uºne(I cuhlc. 
10 
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-~ w. wt ý-ý. ý. -ý ýýý 
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A., Iut lltc IºtlkIutc tl. cll, e, %c had ntuºIcl the lºilºcline tiudt tltal Ilu" load 411 the plpclinc \\ III 
tic ai. trthutctI cwnlý ; ICiIº1\ the cm-, % sect in ()I the lºihelitte. 
I wutr ; *, I'tlwlinr nuttlrl rttt%% tirrlittn 
I t}: tilc %ht)t% ht»% the I1tIlrlinr ht"ittF! tntltlrl %uc'It tlt; tl thr %%c"i}'Itt ill he 
tlt. trrhutccl c%c11lý all acru. % it% cr41. % u": tiuna) .: Ilea : 1t the ntit141Ir III the pipeline i. u 
+rttallcr ptpc antl here the %rttallet I1tI1c is ahttut : inrh in tliantrtc"r. 111C she uI %m; tller 
(ljhc Is ha"cJ 4111 the tlc+uetl %%cilRht and the tnatctial tlt; tt hrinp. used t11 IiII in the IliI1c"tinc, 
I111. dc"lkll 1.11111kºfti111t hcl': ul. c II thr NrlgIIt III 11u' 11i111'1111r i% : ICC111tl111; 111nk 111 
the hAºttunl, thc h11ºclinc %%iII hrhillr unmllutullý undrt thr cllr0% uI %%u%r cutd kttltrnt. 
1'. unllý it mll hch. lw as it huairtv. dull and thr 1t141%rntrltt IhaI hrlltp hlydirtrd 1, %%; Ikr 
ul. tcad III . 11d1np I ItI. I. duc to thr I114, ntlun Ill thr I r111rI III }t111% It) Ill tlu" Ir. trd p111rI1nr 
20 
tn1KlrI I o, trttulittc it rcu) ptpcItnr Ihr rrntct of Fa; tý tty oi Ihc ntoclc'I Should hc lical tile 
rtttclºllc of thc eru. x yci Uottitl urrit. 
I'ut suhm: ºinºc 11111CIlllc 11u11u)sc the 11t11CIinc should hC n1I111CI So that 11 will 
suhitlcrl; cd unclci the s+utcf. 1111% hfl hC uchlc+-c by hn+ulp. th' lill)Clillc ++r1Fýht at Ic. 1st 
slullc ++1th its huºlylºn. y. 
It, huvc thr nlca %c tth tht% ntuunntnt trtiuitrd w6ght Some Calculation call tic 
ctonc by having ussuntittttill of tntntntutu rcciuirrcI wright is rqunl tu thr t, tprlittc 
huuvunt: )-. 
A"%umptiom 
Mnnmunº tccluuccl wol; ht -- pºprIInc huuyauºcy 
1 tics) thc pipchnc buoy: utcy is: 
f'tpr!! nr Iluuyauucy 
Pwarc, 
nl)f 




as ihr trst is he the wave tunk with /rrsh wutrr 
In l 
U 1'1 prllur pluacrtrr 4.33 iºcrh ( by ºnruxurrd) 11 rill 0.11 in 






( 1000)( 1.5) 
t'iprlirrr lluuYUrrrv, 1.1 2S kcl 
21 
i3cc4tusc ul thc cah alsu IIIuculc sunu" huuyancy and it is h: ucl lu hc ntcnmuic(l itý, 
culuinc Ihcn it 1s ncccss, u} hl Inst incicu, c thc c%cight ul thc pihclinc, hcrc Ihr wcif: ht of 
thc I, 1I0utc nuxlcl that hctnp, . ippIiccl ts 1.1% 
hp.. 
ý2 
:. 4.2 1 it %lcururcmcnl Mcch, tnMni 
I lir in", IA-. I piI,; Iuic" ill I, r Irtitrcl in the \%; i\r l; uik under the \\; I%e ; incl cuiient 
cllc%: t+ Ihcrclurc u mrchan1. m hud been dc-4.11 to mcu. ure the lorie 111.1t ; lk*tlllg oll tile 
tc. lcd ptpchnc. 
Ihc flick hani%nt i% dr%iF. n +urh as both tlirrrl and hacl. %%arli I, 1rcr cam hc 
ntcu. urr. l 111c atrtuºg i'urrc is mcu. urctl using it t1iE: i1u1 "culr in 111111 ul kg 0% cl I. S 111 
IcnF: th 
I ipuir ; (. I"ýk kit 
21 
Ihc xalr that being used here hm! Wen c"alihtatecl uº that ; inN friction that 
III thc mcrhani. m i% taken into account hence c%e call conclude that the %; ºItir Ih; ºt being, 







,ý l() .. (I 
M . 111 a', '. 11 
Applied Force (Newton) 
ºIl aIihratiun ( ui ýe 
I hi. 1. thr muttple ut the r; tlihraliun k-ut% e II1; 1I obtain Iu ralihialr Ihe %rale, %%e need to 
jib it during thc jtý cunditiun ui the «; t%e tank IIu%% it i+ dune i. %humed in I, irture 
hclu%% 
C.. y. 1 
,. Id. 1 
1«r M... Mý 
ý 
i 
i. i... 4 
aýd 
n.., +ý... a. ar 
...., 
Iýýº 4. ºhhr: ºtuaº putlx, sc thc pll, clnºc tti InsI; ºIlccl . Is Iip. utc ; ºhu%c and unc º, fIFtc 
h .. t alc «ºII tic pullctl hrt/untully fill icttutn % : ºIuc uI li, rcc I'm cx: unl, lr ' kg. .3 kp. and 
kp, and tim ,c III IV cnstclcrccl as ; Il, l, lºccl li, tcc I Ihe I, ipehnc. 
A ny tc: rclutg that tnca%utrcl at Ihr srulr ulluc"Itrcl lu tIIC III itIP. r rurresltuutltnF. Iu the 


























Mrý, r, urrýd I orte 
(Newton) 
1 1t, I 










1A. aIM 1 
I hcn tltc gtitph ui Applictl It cc vs Mcttsutcll Inc cut) hc pluttctd sind tills will 
hc Inn . ilthtnttun vutvc 
'i 
1hc purpu. c ot u. Ing digital ualr i. that it i. much cil. ier In rccºrrtl the , C; llc 
rcudlnl; for lurthcr : ºn: ºIý. is comparc it, thc . prinl; . culc. 116% %kill reduce the crrur during 
thc an: ºIý. I. Of the tc. tlnk rc. ult. 
Iic. idc that I alui inrurporatc %%itlt %idc guard to mý mcch; mism. I hi. main 
purposc o1 +tdc guard i. tºº cn. urc thc hoth cnd oI tltc Itihclinc nltldcl %%ill numc parallrt to 
cach others. 
I hr% mutter as important tu cn. urc the Borer acting on the pipeline is acting on the 
dc"ºrcd angle during the test II' the angle change, then the rcuding lila/ change and it' the 
u. tt t 1". tt, 'l u .rI \%c' 1t1.1\ 
11.1%v Ctt )l III it1II 11; lt; l Ic"coIC1illp. 
I 1P. 111r t? t I'il)rIiiir uttu. -Ii tiidr p. u: ud 
26 
Ihc. iJc puanl is dc%ikncd uº flexible uº that it %% ill alIºn% hººrinºntal ntm cincnl ººI 
the hºpclinc and also %crtical ntu% cinrnt il' tltc pipclinc i% ahmuI Iºº nu»c is Stich (lirccti011. 
I hi" ran IV dune hcc; uº. c %%c a u. inp. ;º rullcr at thc side P. u; ud tu ; ºIlm% huriiomt; ºI 
ntuncmrnt and thc hihclinc i% attach to thc . 0c pu; ud thiu a c; ºhlc that . 1110%% am %crtical 
mu% cnºcnt u1 the hilxtinc a. thc cunncctur% i. I1c\ihlc. 
I ip. uir 1 ') "ItIr P. u: ud uhl1lirutitnl 
27 
lic. icle that the hcight ot the guard can he acljuýtecl and it is cleýi} n utch ; tcýa) so 
that in tuturc it t%e «. litt to eurhorate c%ith (Iilletent u"clintent; ttion IS a bed pnolile then 
%% c c. ui acllu%t it h. nc i in thc- , c-diinrntatit in thic 4. ne.,,. 




















I he liguic show. the Full layout of the I'mc mcchanisnº in the %%; i% c tank. 'I III: 
ýrthlc that attachc, the hthehttc mutlcl with tht: tltgittºI scale should hc aINays (m tic 
tCnsn)n lictc what . huch! happen º. tunkt the ntnºal cmlitu)n which is nu wave +uui 
urrcut the aº}: ºt: il scale should havc a small : uud fix tcatlmp. such as (1.1 kg. 
i{ccuu. c of thc cubic I. (on Ilic icna+m, unv timull nunrnirnt cnuýr by «avr to Ilic 
Ilic (liF. it: ºI . rnlc i'ti'clu)c Nili bc rcud b>- Ilic -4ulc utt(i hric «"r havc u httic limitation w 
. cn+itl% 1ty 1+ ºmly up to () ul kg. 
At tic ctxl of the test, ally valuc rccurtlcd 1'tuitt the scaIC should hC nttnus the 
1n1t1a) %aluc that c4UMc by the catbtc tcmiun. As the raw data ICCUttlcd In vtdcu inutlC that 
the %, /Iuc . htºutd he taken III tiºrccs uvcr LI ltCºtut1 ul tniic stich as (urccs In ciºch utlc 
I11111u1C'. I hol %%c f, III av'cra}; c lhC valuc fur it 11ºU11 ülnswyr. 
I hc rcYull it"ttt Ihc cxltctuttcºtt actually tcluc. cntn thc ttct folkc ucttnr. 411t 1hc 
11111cltttc utxlcr thy lc"tcd wavc und cuºtcnts, 'I111s caul bc cxhtc.. ctl by thc ctluutºtnt 
thclow 
Nrt Fvrrr == Pray t Inrrtia ! t(! 'tprltnr wri, yht (lluuyuncy t/. t/() 
%Yhctc 0 thc tººCtuon cuctlictcnt hctwccn the pihcluic and thc cunUact sm Iurc 1% 111 
11111, case is the cuncroc floor 
14/ 
1.4.1 a" hct inuntul I'rucctlurc 
It, tun the cxhctuttcnt, thctc AIC iCItatn ctrl' to he fiºIlow to uht; un it Ichahle 
data I of the c4hcrtmcut to tort Smoothly, it rcgluucd III IcaSt two lºCJSo)I to run the 
cthctnnent and walkic talkie uS it ýunuttunirutiun mediunt. 
Ihc +tcpw Atc aY Iolluw1ng: 
11 I he ptpchnc nttolcl is instullcd us shown in the previous figure. 
lltcn tits %4Ic Is turncd nrt aril the cahlc that cunncctcd it) the PIPChnC is attuchcd 
to it Makc sure that tale scalc show sonic rcadinp. its this will itldlculc the cables 
arc lot Icttstun 
S itch till the i: nllcid and stun rcctutllu)_ %tsth 111itlul p; ut by suit) suliwillill}; tot 
dlspluy tuff huutd ally nI the Iest pi11E1111CIC1' stº that it will he cusv to c\truct the duty 
of tc«<'ards 
4) Zile calncta that nerd to he kcc. ps oil and rurnlillp., hcstdc that it is 1111ptºtturll to 
shut down the luhtºtattºry tlutºt Iii avoid flak at the scale which will make it hard 
to he read (runt the clip ullclwurd. 
S) Ask the +ccond pctwºn ill hic control 11x)11) to stmt the wllvc all lot current the 
pcr<m that hook% altcr the clutter. can lust go and switch un 111e pump as it is lust 
at the IkIt stdc ul the WUVc tank. 
O Kccntd the ctpcrtrncllt fiºr about IIºllr ntitlnlcs heliºrc slop tile rcctrdinh and alter 
thc tctiutdºnp it 114 n hc+t htnchcc tu s«ºtch ull thc ctuºIrtu tu Iýrrýctýr thr huttctºry 
fut tutthct cxhcttmcnt. 
7) 1 hcn go tu thc . utc tit thc wnvc tank Lit thc . crccn and run thc ctl1ci Inºcnt with thc 
satnc pntnnºctctN ýkIth I+IC%Iuw-Iy cuºct tccutd tic hchuvºut 411,111c I1i11chººc: tlutn tlºc 
+ýtccn I Its, c%tI) P. t%c+rctc rºcw ut' thc i1111chnc nºurcnºcnt tntd tutthct wc cnn 
ju+Ufý- thc typc% uf nºutctncnt tutict it I% r. hdtny. ut tuthnF., 
K) Iut thc +tdc % ICCC tit t11c Inu%cmcnt eºI"u Icccnd fill uhuut 4 tntnutc.. Don't tutf. ct 
ul+.. it, tC4lqll tic wfl\t hcºPht u 1t11 -. unºc -wulc tit tlic .k Will 
ID 
Q) Alta Iunsh rccurdsn1, dtansicl all IccottIII - Into conlputcr and cut the Iccotding 
Into smaller clip hasc on the palanletcr of the test. Ibis can he done using' l Head 
%oll arc 
1H) flay each clip using; window media player classic or other media player and ton it 
hose on Isaac. Ilete we can sec the reading- lot each second. 
II1I he don that hang extracted then nerd to he times with the calibration factor so 
that the YaIuc dint obtain is the value of 11)1cc of acting- oil the pipeline 1eFa (liess 
of the Itietion that occur In the nlechalustll. 
1') I tom the 1111: 11 data, we can plot the 101cc versus lime gIaph. 
'I 
4.4.4 l. uh tictup 
4.4.1.1 1% u% c Situp 
I1c111%+ atc hic acpti tu Nctup it wa%c at tý I I' wavc tank. 
IºOpal \1'a%c\takct at thc t: tmlputcl Ill thc voiltiol loom 
ý) ('11ck "ýclup" i1l thc ltxllhiu. 
1) ('llck "1'lu)cýt 
4) In. cN dc"ltctl w atcl tlcplh 
ýº \itxk) ticalc tlclault I 
h) l'I1ck "tica tilatc" at thc tool hiu", alltl chow-c tlc. uctI cun(htlou 
I) ('lick "Ncw" 
K) In+crt wavc paramctct such a. 11c1); ht alltl (tctltlcllcy 
N) DcK"tlpln0n 1% 01)ll011il) 
10)(11A "tºk" 111141 
II): U tllc "( )utput" chtx)"c "Uty Itun Stil 
Ir)Clock "Run 
14) N'hcn lhc wavc achlcc c nlax . cn1f . tl llt% click "Slop" 
1=1): 1t t)tc "Output" chtK++c "1'uttttlcti Stil I'I 1"'ti" 
I s)(11-A "Run" 
iº 
. 
1. a. 3. 
_' ( urrcnl 1clup 
itclum : uc thc Nic11y tu . ctuh vuilcnt s11 l1 I I' warc Isuik: 
I) sm. -Old) ill) thc I. aptups 
Opcn VcrltrUlu i 
CIIkk "scrrrl I'urt" at ihc t(N, Ihars i1t1t1 k-huo. c vcr1lrinu 
i) Chck "I. uatl 11un1 Instnlnlcnt" 
ý) l )pcn I'uI}ýyncs 
f)) l; u tu thc ruuUul pancl at thc wall 
7) su 1111 on 111C I%, %% cl 
x) ticlc: t "Il" urnl "R1"" ; It 111C allaloy. Switch 
9) ti%% tti. h on pump. 
I O) Ali)u. t irctIucn. y uslnk analur. cunUullcr, For thc Iincur Currcnl alI thc vuluc nccil 
t, ) hc far11C 
II) Raw 1+ '1) I I/ -- Il) rm s 
s"tn'. r 'ti II/ -- I0 
4i 
( 11 \ 1' 1 1. It .1 
1)Iti( 'l'titil( )N IlUtil 1.1 AND 
4.1 llr%ult uud hindinyl+ 
sc%cn tc+ts had hccn ºlune N%ºth IS ky ()I "I 111c h 11º1ºeline nºodeI. I. oº the test, the 
%%irtcr dchth is titcd ut t) ý trrcto dcch bist uthci p; uatnictcts surh : ýý 
IvruKf and currcnt ýcluýrty : uc vnrrrý, 
I 11C 11d1i1111C1Ctx lot IlIC lCxl i11C : Iti (ýýýlo\\ 
I c*t l uttcnt ý'cIlºý tt} j 11'; tt cI Ir1Fýlºt 
litt ti) (ntcict I 




ýfuý, uý iº 
u, () uý 
7ý0.! i u, ut; 











An.! thc for the test resurlt, it i. Iimund that iur test I, '; unl "I, thcrc arc no reading 
hcrnr, ntcasurcki thi. is hruhahl) because the turce acting on the hiprlinc model are to 
sm: 1Il arnl this also indicate that undo, these ºcst harsunctcrs the pipeline model are stable 
at the %% a\ r t. uik tl, x, r 
Itut for othcr tc"t Utc rc%ult arc u% tiºIIum inl;; 
I ""%I 3 
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lliuhh -1 -1 1 r. t 71 urrr vs I iltll' 
im 
4.2 Dist ui. iuu fur I. %pre iuIt"ul 
Iº thc ºc.. ult> nhlalll %%c luºtlºcº iornlºatc ºt %% ºth Cal Willi (I )IN) spicadsliccl 
ºc"ull and thc lindutg. anc Ithc IoIIo%rºng 
I of file tc"t 1, ' and "1 the result nºc wcuººItn}. to tlic I )ººN' s))tcatlshcct which ttic 
file 111pClutc nuKic) t. a: ºhIc :n the satrty Iitctul that calculatcºI me much hi -. cr that unc. 
1 hn i. Unc lot the rca. un why thcºc aic ut, tcathnI. hcittg nicitsutctl 101 this test us the 
Iºihchnc t% nut muvtttg at 'tll hence file scale I'aiIcºI to tccurtI any tca(lin);. 
I oI Ica i 
I tºt (C*t 1 thy t11Cn"UtCtI tCy11It i1fC IC.. Ct than uttr given by thC I>nV sIxruchhrrt and thC 
tc. ull arc 
Mca+ural -61RN! m 
Un`' - V) S24 N. nr 
i fir tc+t S 
l ur tc*i i thy rnca. urcd rc%ult arc hr}.: ý: ci than omc i; ivcn by thc DIN shrcudxhcet 411)(1 the 
WWII Arc 
, kammrtl - 44 611 Nm 
011%, - 'H -Iti9 Nm 
i4l 
I t)I lC'"i 6 
hon Ic"t cº thc nlcumorc(l rcurlt nrc higgcr th1ur omc ýýivrn by tlic DnV shrctul+hcct ; lud thc 
rr. ult arc 
Wumm! - 2,1,1; Nm 
DnV 10l il) N in 
I ut tc, t 7; 
Itit wo 7 thy mcu. utcc) rc"ult juc . mnllct thun unc }; l%"cn by thc I fiV nhtc: ndnhcct anul thc 
Ic+ull AtC 
Mca+urcd - I4.941 N, ni 
DIA, - 2;, 71) Nm 
1-of trat 3 und 7 the result tire thilv, rllt hcrnusc when we Ill'4 trying; tu vnnllalc tilt 
tr411 44110111ull there arc vorne pulallICIC1% 111411 wr CatUU01 apply Stich its fite trill oll. l-ul 
example the Irl4nun `ººctIiclcnt that lllvol c% in Ihr 1r%1 und 411 the real life is very 
(1111crctU a, the loh arc hnvnll; u Concrete bed which ate IIU'IV %nuº, ºth compare ill the real 
111c . ca bed rau dit1un. 
Rut Iur Icst S 41141 o tiºc tcutlt utc tauch hltiKcn ccCUU? 1c 1'rum lily uhxcrvnituu 0.5 
! li ircNucnc) arc to xcrcrc tu tttc autulutc in thc ull+hutc (uh with wulct (Icpth 1)1 ' l), S in. 
I Im Is hc4au+c thc ptpcltnc is nuº%tu}; tuu tuu. It urnl thc ntru. utctl I01cc uctuully In% ul%. c 
111c ptpchnc mutncnturtt luwc a. It% uccclcttttc gill ttc fast, I hcIrlutc Ion Iitturc cxpcttmcut. 
thc mu%ctncnt uI tlic ptpcltnc ncctl to tic rccuttl untl its ucccIctuttont ncctl to ! >r tlctctuttur 
.u that the bncc cau+c by It, % lilt utcntuut cull hr ticptutttc 11º uhtutn purC 1'urcc lhttt Citusc 
by titc cn% trunntcnt. 
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lic+ttlc that wa%c hctE. ht and curtrnt %clocity ; tl. o Is it (nctot that rtcclls 141 hc 
c011sulrtutF as thc (alx, nttory only cuts support wu%c till to I ntctct hctght 1111d cull-clit III 
I) tt , only Although all oI this can by scnlCll down usttt}: hrontlC nuºtlclinp. Ihcory huy 
,o fill ihty tttoKlclutp, Ihcory thdn t fclttcscnt IhC rcitl r, cnlcil (lown i'aclor its wc had hccn 
tc%t this thcor> (ot . calcd thc -. t/c oI lnltcltnc uutl itltio its tc(luttctl suhntcrp. ctl %wtl; hi. 
1'ur currtplc 11 Iý itt. h piirclulc nccds lit Icnst k r. ººt' %%cl}: ht lot it tºº hc 
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u. rni; a tint., r of' ', thcn supiKºsc thc lº uicIl mot Icl I, iircIit c icliuircd 9. I' kp. º, I N%rif; ht to 
hc suhnlcrgcd i. following thc houdc m041rlinp Iuw 1I1C mass wtII by Illy factor of' I/u'. 
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tint %ttllictcnt And . %hcn it'. c-oarºc to the c"uleulilt loll. the tecluited . uhntelged weight 
for (' Inch ptpchnc is IS 14 kg, ncutly doubly the value lium modeling tIºeury. 
. And ºt ºt can tic +Inlhhlicd in scc thc conlrlaºtº0aº bctwccn . Iic and Icclunat 
%uhnºctpcd acºght, it k : all by rcprc. -cnt by thc Fýrulºh and trºhlc hcluw using I' ºnCh 
pºpcluºc a-, a bA. +c c: n%c : uul thcn scalc it down u. m}t thc Fruudc nuºdchnt; tltcuty by a 
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I. INTItuUUC-rIVN 
v.. it., NN 1: 303 
This Recotnmended Practice outlines the basic considerations with regard to the 
stability desiKn of submarine pipelinaa 
The main ob)ectivvs of this recommended practice are to make the latest state of 
the art information on pipeline stability available for use in the design of 
submarine pipelines. and to provide a framework from which stability design 
methods can be developed further as more information becomes availuble The 
HP is mainly based on the results from the Pipeline Stability project 1'If'ESTAH 
carried out by SINTE (1983 1987) and sponsored by E»so Norge A/S and 
Statoll. see Z /8/ 
Results from other reeesrch programs may be equally applicable for On Bottom 
Stability of Pipelines It is the intention, through revisions of the present KI'. to 
incorporate other results/data as they became available and thereby extend the 
limtta for use 
The doaign method presented in this Recommended Practice relater to a pipeline 
rooting on the sea bed throughout ita lifetime, or prior to wme other form of 
stabilisation tog trenching, burial, self burial) The stability of the pipeline is 
then directly related to the submerged weight of the pipeline, the environmental 
forces and the resistance developed by the sea bed soil. Consequently the aim of 
stability design is to verify that the submerged weight of the pipeline is sumicient 
to meet the required stability criteria 
Z. 1)Kli1GN CONDITIONS 
11 Hasit Conditions 
11.1 The following leak conditions should be considered during tho on bottom 
. tabllity design o(submarino pipelines 
Environmental conditions 
(iootechnica) conditions of the we bed 
Topographical conditions of the sea bed (c slope, rock outcrops, 
depreselons) 
Hathymetry (water depth) 
Pipe data (diameter, well thickness, concrete co. Uni) 
Location of pipeline restraints (riser connections, crossings, etc) 
LZ Noturs f'ortods 
111 The stability design is to be bawd on a given return period of near bottom 
environmental conditions acting perpendicular to the pipe In general, both 
near bottom wave induced particle velocities and near bottom currents will need 
to be considered 
y. 12 If sufflcwnt snformauon is ovailoble on joint probability of waver and 
current, then the combined wave and steady current with 1110 year recurrence 
interval should be used If madoyuate information is available on the point 
probabshty of wavers and current, than the following are suggested for tho 
operational conditton 
N"ºitac KN l: ]OS 
I( waver dominator forcer 
If current dominates forces 
4 
Waves 100 year return condition of near 
bottom wave induced particle velocity 
normal to the pipeline. 
Current 10 year return condition 
5 Waves 10 year return condition 
Current 100 year return condition 
1.13 For temporary phases, the recurrence period should be taken as follows 
L) ILtIen lULthttn. J. LY. L The environmental parameters for determination of 
env ronmsntal loads may be established based on reliable weather forcasts, 
L)4liat3'_'L w-vt£u of 3days_. a) No danger for loss of human lives. A return 
period of I year for the relevant season can be applied. 
b) Danger for loss of human lives The environmental parameters should be 
defined with a 100 year seasonal return period 
However, the relevant season should not be taken lese than 2 months. 
13 Environmental Conditions 
1&1 The following environmental conditions should be evaluated at a number 
adposations along the Ion&th of the pipeline 
Waves 
Currents 
The number o( positions necessary to adequately define the environment will be 
dependent on the length of the pipeline and the variations in water depth, seabed 
. os) and motooroloKical conditions 
111 The env ronnwntal conditions used in the stability design should be bawd 
on adequate data from the area in question. The data may he from 
measurements, hindcast models, or visual observations. If sufficient data an the 
particular area is not available, reasonably conservative oatirnates based on data 
from other nearby locations may be used. 
313.3 Recognised methods of otatiatical analysts should be used to describe the 
random nature of the environmental conditions. Seastatea will normally be 
defined in terms of the significant wave height (Ila), spectral peak period (Tv) and 
corresponding return probability - -" 
LIA The form in which the wave information in available. is dependent on the 
amount and quality of data available for the particular location in question This 
may range from a joint distribution of It. and Tr with directional information to 
an omnºdsroctºonal design value for If. with an ertimatod period The design 
method presented in section a, will accept wave input of varying degrees of 
sophistication 
11 5 The peak period (1', ) will depend on fetch and depth limitations as well as 
duration of the seaatatea if no other information rs available for the peak period. 
then the following relationship may be used for the upper limit 
T. ; VI 230 1 !. /Rl 
If is pint distribution of If. and T. to available. than thr. combination of If. T, 
which rives the moat extreme near hottorn cundttiona should be . eloctad 
f) V*r11K Kp /305 
1.3.6 The directional distribution of the wave condition" may be accounted for 
when selecting the design wave inducod particle velocity Normally extreme 
seastatee from different directions will nerd to be considered If no directional 
wave information to available then the extreme wave conditions should be 
aosumed to act perpendicular to the axis of the pipeline 
1.3.7 Tfw short crostednres of the waves maybe accounted for when selecting the 
design wave induced particle velocity If no site spociflc information is available, 
then flats may be taken into account by consideration of the energy spreading 
sway from the main direction of wave propagation. 
2.3 $ The wave induced particle velocity to be used in the stability design 
analyst* is represented by the significant value of the near bottom velocity 
perpendicular to the pipeline (U. ), and the corresponding mean zero up crossing 
period (T. ) 
11.9 When calculating U, and T,,, the most appropriate formulation for the 
water surface elevation spectrum should be used For North Sea conditions the 
Jon. wsp spectral formulation is recommended For long crested seas, the 
Jonswap spectrum to given by 
ýýWI 





w -- angular frequency 
w- angular frequency ofapoctral peak 
9 acceleration due to gravity 
a Phil lrps'constant 
a spectral width parameter 
o-0.07ifw ec 
ps: 009ifw 
ti A peakodrwss parameter 
1110 Ur, and Ta may be calculated by transforming the long-crested water 
surface elevation spectrum to the bottom and applying a reduction factor to 
account for wave directionality with reaped to the pipe and for short"crcatedneea 
of the waves as follows 
34 (w) - (W i 94i+Mkd))3 " N,, 1w) 1. 
whore 
water surface elevation spectrum (loru"creetod) 
k- wave number (d. º7 Kk tanh(kd)) 
circular froquoncy 
wtd 
u, = lJ, " it 
i. 3 7iMm. /ml11 
Veri1Or ! li. 1: JO3 ä 
-her* 




K  reduction factor 
U. " and T may be obtained through the non dimensional curves 
presented in rigs. 2.1 and 2 2. The suitability of first order wave theory 
when approaching shallow water should be verified. 
The reduction factor due to wave directionality and wave spreading given by a 
corn (unction. is riven by, 
(""n/t 





ýD. eý : 
direction perpendicular to the pipeline 
main wave direction 
aub direction around the main wave direction 
spreading function. given by 
W(ß, 0) C coon (ß 0) 
nA spreading exponent (rite xpeciflc) 
C constant chosen such that the integral of K over all wave directions 
to equal to 10 
R may be obtainod from Fig 23 
2.3.11 The deasrn current velocitiva should be bawd on a consideration of the 
various contributing componenta such as tidal, *torm surge and circulation 
currents 
L& 13 The directional distribution of the current velocity may be ua. d in the 
stability design If no much information is available. the current should be 
usuaaed to act perpendtcvlar"to the axiarofbipoline 
L&13 The current velocity may be reduced to take account of the effect of the 
bottom boundary layer This may be achieved using a suitable boundary layer 
model The velocity profile ºn the bourulary layer should be integrated over the 
pipeline diameter to give an effective current velocity An approximate method of 
e'Umaung a boundary layer reduction is prevented in Appendix A 
1.5.14 It is not recommended to consider any boundary layer effect on wave 
induced velocities as such offecta are normally small and are implicitly included 
in the applied hydrodynamic force model, which is the busts for the goneralitod 
curves however, the effect of waves on the current boundary layer may be 
eelimated as shown in Appendix A In special cases of very small diameter pipes 
where the wave boundary layer may be important, further velocity reductions 
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Fig. 7.3 Reduction Factor due to Wave Spreading and Directionality 
2.4 (: ooMobnkal Conditions 
14.1 A site investigation should be performed at suitable intervals along the 
route of the pipeline The number of intervals will be dependent an the length of 
the pipcisne and the anticipated variations in grotechnical conditions Suitable 
sampling techniques should be used during the site investigation 
Guidelines for site and lahoratury testing may be found in Veritas' 1(1' 1)301 P9/ 
7.4.2 From the point of view of stability design the site investigation should 
provide the following information for the son bed sail on and immediately below 
the surface of the sea bad 
mail classification 
density of aoil (rand only) 
strength of soil (clay only) 
" pouibility of mail rlides or liquefaction 
1. s Topographical and Hathymetrlc Conditions 
16.1 A detailed route survey should be performed to provide suitable 
information on the topographical and bathymetric conditions along the length of 
the pipeline 
Into, ration relevant to stability design should include 
obetructlonr in the form of rock outcrops, hauldor" or wrocke 
topographical features such as slops. pock marks or other items 
which may rsault to pipeline instabilities 
variation in water depth along the length of the pipeline, 
T&2 Purthor toquiromont. for route ourvoyom may by found in tho IMt norsko 
: 'er sta. Yule. for Submatino IlipoIino Syototri , 1981 /1/, Soctioni 222 and 223 
9 V»+ws KP C3OS 
7.6 Pipe Data 




density of contents at operating prersuro 
thickness and density of any corrosion nesting 
density of any weight coating 
mechanical properties of the pipeline material 
2. A. 1 The design method presented in Section 3 allow. the pipe to undergo a 
certain amount of lateral displacement A. a result, areas in which the pipe line 
ºs partly or fully restrained from moving or where the pipeline is to be designed 





pipeline emerging from a trench 
9. I)t:! i1GN Mt: 't'NOt) 
3.1 (: oneral 
3.1.1 The design method prorrntod in this section relater too pipeline routing on 
the sea bed throughout its' lifetime or prior to some other form of stabilisation 
tog trenching. burial. mattresses or other point stabiliastion) The stability of 
the pipeline to then directly related to the submerged weight of the pipeline, the 
environmental forces and the resistance developed by the sen bod soil 
Consequently the aim of the stability design ºs to verify that the submerged 
weight of the pipeline is sufficient to meet the required stability criteria 
1.1.1 The following design criteria should be considered during the stability 
design 
lateral displacement 
"trwa/rtrain in pipe wall- 
interaction with lateral buckling due to axial forces 
fsugue damage 
wear and deterioration of the coating 
damage to sacrifkiai anode. 
In general the lateral displacement and the stresa/atrain experienced by the 
pipeline will be the governing design criteria, Vurthor consideration of the 
design criteria is prevented in wction 4 
1.3 t. owd Css" 
I-& t All bad cases relevant to the stability of the pipeline should be considered. 
In general this will not malls result in two load cases namely 
IneWlstian Condition 
tperetinif Condition 
YoriNr 1lP r303 10 
3.2.2 The Installation Condition relates to the period of time after installation 
when the pipvlirw is resting on the sea bed prior to trenching or coin milksioning 
Unless the pipeline w111 be water flooded imrnvdiately upon inotallation, the 
pipeline should normally be assumed air filled during this condition 
For a 
pipeline which is to be trenched, the installation condition will normally 
determine the pipeline Submerged weight rrquirernents For the Installation 
Condition, a minimum spac-ific gravity (W. t B) /H Ii is required (Wo, - 
submergod weight, H '? buoyancy) 
In general, a watar Abaorp "of 5%of concrete weight can be included 
3.1.3 Details of the design storm conditions related to the installation phase arc 
given in 223. 
114 The Operating Condition relater to tho oprratsnE phases of the pipeline 
lifetime In the stability analysis, the pipeline should Im assumed to be filled with 
contents at normal operating pressure and oxprcted lowest density 
3.16 Ihuinb the operating condition the pipeline may be subjocted to lateral 
displacements, stresaes/strains ctc due to extreme wave and current conditions, 
however the pipeline should still remain serviceable after the storm situation 
The design combination of extreme wave and current should be determined so 
that its exceedance probability does not exceed 10 3/year (100 year return period) 
3.2.6 Details of the environmental conditions to be applied during the 
operational condition are given in 222 
3.3 Analysis Methods 
,. 1.1 There are several analysis methods available on which to ba. r pipeline 
stability design Three dilTarent methods are considered in this Nacomrncnded 
Practice. namely 
(1) Dynamic Analysis 
lit) (isnsralis. d Stability Analysis 
(ill) Slmplifad Stability Analyses 
The choke of the above analysis methods is dependent on the dellroe of detail 
required in re. ulta of the design winlyaim. 
L3.2 Dynamic Analysis involves a full dynamic simulation of a pipeline resting 
on the seabed, including modelling of soil ressatancv. hydrodynamic forces, 
boundary conditions and dynamic response. Dynamic analysis forms the 
reference base for the generalised method It may be used for detailed analysis of 
critical areas along is pipeline, auch as pipeline crossings, riser connections etc , 
where a high level of detail is requited un pipeltj}o vv pvnbo, ur for rvanalysia of a 
critical eaisUng line 
3.3.3 The (ion+raliaod Stability Analysis is tmsed on a set of non dimensional 
stability curves which have been derived from a wrio" of runs with a dynamic 
response model This maihod can he used its either detailed design calculations or 
pr, liminary desilln calculations The (wneralised Stability Analysis method may 
be used an the sections of the pipeline when Ix)tontial pipeline movement and 
strain may be impurtant The main assumptions of the method are given in 
soctºon 52 
II v. r11. r KP r. Sos 
3.3.4 The Simplified StnbºIity.. Analyus is bared on a qu. aL-vtatic balance of forces acting on the pipe. but has bean calibrated with results from the 
roncralised stability analysis The method generally gives pipe weights that 
(arm a conservative envelope of those obtainad from the ganeralized stability 
analysts 
This method may be used for the vast majority of stability calculations, whore 
the required submerigrd wright to the only parameter of interest The method is 
based on simplified nudely, consequently it is recommended that this method 
should not be modified in any way without a full consideration of all the relevant 
factors, te chocking with vivo of the above two analysis methods 
3.3.3 If the partial burial of a pipeline (implying stablc pipe) in to be taken 
account of in the stability design, then the following should be considered in the 
stability calculations 
method to be based an static consideration, only, ie the pipe should 
not break out, i9 be pullod out of the partially buried condition 
Ow most probable maximum 100 year near bottom wave induced 
velocity and acceleration normal to the pipeline should be used in 
the calculation of hydrodynamic forces 
r. *ltaUc hydrodynamic foree modal. should be used 
s wil rerialance model which realistically reprwenta the pipe soil 
interaction should be used 
3.4 Sink ingiVlostaftion 
3.4.1 huriod linos should be chocked for possible sinking or floatation For bath 
liquid and gas linos, sinking should be considered aaauming the pipe to be water 
filled and floatation should be considered aaauminr the pipe to ba ras or air fIllod 
3.4.3 If the specifk weight o1 the water fijlod yLpi is loss than that of the soil 
(including water contents), no further analysis is required to document the safety 
againat winking For Imes to be placed in soils having low shear strength. a 
considoratton of the soil st css may be necessary. If the soil is. or is likely to be 
luquifºod, the depth of sinking should be limited to a satisfactory value, by 
conai4eration of the depth of liqutfactlon or the build up of resistance during 
sinking 
3.4.3 If the epecif c gravity of the gar or sir filled pipe is Was than that of the moil, 
the . hear otrength of the sett should be documented so being oulfcient to prevent 
floatation Consequently, in soils which are or may be liquifiod, the opocific 
wesght of the go. or air filled pspo should not bo loss than that of the soil (if burial 
is required) 
3.4.4 Eapus d lines resting diroctly on the son bed should be checked for possible 
sinking in the ºmme manner as eaploinod for buried lines, in section 342 above 
V"riuc Kr r. 3os 12 
3.8 (), erview of the LHaiKn Method 
3.3.1 The (low diagram presontrd in Figure 3.1 shown an overview of the dr%Kn 
method outlined above 
Awsess input data 
environmental conditions 
gootechnicai conditions 
topographic and bathymetric conditions 
pipe data 
information on possible restraints 
Set up relevant design criteria for the design 
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4.1.1 The crºtcrºa to bo used ºn the atabºhty den sun method outlined ºn SrctIon 3. 
will vary dcpondºng on the situation under conaidrrotion Careful evaluation of 
posaºblo tsºIuro mechani. amr to rrcomrnrndrd in each case 
4.1.7 The information given below with regard to design criteria should be 
viewed a  general recommandatons Spccifºc criteria should be considered on a 
case by case basis 
4.1.3 The design criteria presented below have been related to the design 
conditions described in Section 3. and also the pipelige sons system used in /1/ 
The following deflnitiuns of the pipeline cones are used : 
lorw 1 the part of the asa bed located more than a certain diatanco away 
from the platform or aubeea tawplata, normally taken as bOOm 
Zone 2 the part of the .. abed located tbss to a platform or Nub. e" template. 
normally taken as 500m 
4.1.4 For the purpose of theoe, stability guidelines, points on the pipeline such re 
valve connections, pipeline crossings, Y. or T connections, expansion loops. etc 
should in general be considered as Zeno 2 pipelines However. the rono 2 
definition normally applies in connection with potrnlial danger for human Mr, 
significant pollution or considerable economic consrquorura 
4.2 1'otontial Lateral Displacement 
4.1.1 The allowable lateral displacement if-Auly will be dependent on arveral 
(actor a. such as 
national regulatlone 
son bed obotrurtions 
width of . urveyed corridor 
distance from platform or other restraint 
4.12 The speci(led allowable lateral displacement should b limited to a value 
not rroatet than half the width of the surveyed corridor in which the pipe is laid 
This impliaa that the pilwlino should not move beyond the allowable corridor 
4.13 If no further informalian im avaolably. Ihcn tic, following may be used for 
the allowable maasmum lateral diiiplarement in the, operational condition 
Zone 1 20 m 
Zone 20m 
This criteria can be relaxed if other relevant data are available The pipe mual 
also be able to satisfy the other relevant dr. ign criteria at the above allowable 
di. placetnent For most situations the lateral displacement will be the governing 
criteria In general, the strain roquiremont will also be satisfled when litniting 
the trwvement to maümutn 20 in The sensitivity to variationis in environmental 
parattwtets Iwavo hright/per sod) should he chocked Thr allowable displacement 
ctiteria refer to a seaslalr dui atom of .1 boutia at inasimum storm intensity 
C L4 For Zone 2 pspelinea the allowable lateral displacement may be increased 
above sera ºf the effect of the displact invnt can kw acceptably accommodated by 
the pipeline and the supporting structure (eg neer connN-lion) 
4.2.9 The allowable lateral displacement for the installation condition is 
dependent on the time period between laying and commissioning, and should be 
decided on a case by case basis ltowrver, if the rrcommendationa with respect to 
environmental conditions given in 223 are followed an allowable diaplacrment 
of 5m to ouggosted 
4.3 Reading Nair 
a. li lh+m to the dovslopment of bonding rnonwnta  t points of (laity along the 
pipeline. as at rooult of the lateral diaplacrment. the bending strains paper irncod 
by the pips should be ovaIuat. d during the stability design 
!. 1! For known points of f city, such as riser connections, subsea valves, subsea 
templates etc, the effect of the lateral pipe displacement should be evaluatod for 
both the pipeline and the restraining structurv 
4.1. E Any part of the pipeline may bond as a result of local variations in seabed 
and pipe peoperttee, and the bending strain criterion should be satisfied at any 
point assuming a fluted end restraint This applies to the generalised method 
&34 When evaluating the bonding effects resulting from the lateral 
displacement of the pipeline. consideration should be given to the following 
. ceu. Ivv MlrIlnin1 
ov*liswllon 
bock Uns 
Reference is mad& to /1/ for the limiting criteria rot the above 
4.3.3 It no further information is available, the limiting strain criteria may be 
taken as 7 Müdt)7, with a maximum strain liq>ºIt of j, percent, we Fig 41 The 
limiting strain value., rolato to total (static i dynamic) accumulated 
elaeto&plastk strain, not elastic strain Conaogºontly, whoa using this strain 
criteria the duculity of the pipeline material should be taken into account The 
lisaiting . train values may only be used if a full dynamic analysis applying 
a. aliaeI elastdplaaUk elements is used if nonlinear strain is used in design 
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Strain M 
º'1g. 4.1 Limiting Stinin 
4.3.6 If a farm number of atrain cycles are anticipatcd duo to the lateral 
movement of the pipeline. these should by included in the fatigue assessment of 
the pipeline, as outlined in aoctlon 424 of /I/ 
4.1 Other Relevant Criteria 
4.4.1 The lateral movement of the pipolino should not result in signifkant 
damap to the external pspeline coaltnK, as a result of abrasion from tho.. abed 
4.4.2 The lateral movement of the pipeline should not result in damage to 
ewcrtfical "n«toe wttwchod to the pipeline, 
4.4.3 The lateral movement of the pipeline should not interfere with other 
pipelines or other subsea installations 
%""1"c NI' t303 
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16 
3.1 Dynamic Analysis 
3.1.1 1)ynarnic analysis involver the dynamic simulation of a section of Inpelrnc 
under the action of waves and current The full dynarnic analysis wr11 only be 
used in apecialited circumstances Due to the nonlinear behaviour of the 
pipeline. a time domain solution is recommended 
& I. Y he (ol$owing should be accuratoly modelled 
wave spectrum and corresponding realistic tsmv series 
current velocity at the is bod 
structural behaviour of pipe 
hydrodynamic forces 
moil rearstance forces 
restraints (eg Auer connections, ate) 
b. 1.3 The dynamic simulation should be performed fora complcts sea state If no 
inlorm. Uon is avallabk on Ow duration of sea states than a sea state duration of 
3 hours is recommended 
b, 1.4 The length of pipeline modelled should be sufficient to adequately 
represent the roal situntlon This implies that different lengths (e g 250-1000m) 
should be analysed to determine sensitivity of results 
5.1. & If the *train response of the pipeline is critical. io, above the 
proportionality limit then it is rocommonded to model the non linear 
stro"ahlrain behaviour of the pipe material 
Lt. $ A method of realistically roprorenting the hydrodynamic forcer 
saporiencod by the pipeline should be used Two such methods are those 
prnented in /1ßl and /t Z 
&1.7 it to recommended that the method of modelling the soil resistance 
(orr. ºncludaa both the effect of friction between the pipe and the soil. and the 
resistance due to the penetration of the pipe into the soil Una such model is that 
developed by Wagner at al !W 
LS (senerafaed lltabUlty Analysis 
L& I This method of pipeline stability analysis is bawd on generaltaation of the 
r«ultla from " Urnamic Analysis, through the use of a act of non dimensional 
psrsrneters and for particular and conditions 
The limitations of the method are Kivon its auction !i2S 
In Appendi  II it calculation example a given 
The method is based on the work published in /W and /I I/ 
T%o myor e. wumptions are so follows 
hpdrodynatnºc forces modified far wake vfartr 
no initial embedment 
no pt iot lood history 
rou41h pipe 
pa.. svo wil ro.,. talwo duo to partial panotration of the pipe into the wil 
under ryrk loading to secluded 
17 V""I*c NI' C303 
medium rand roil 
JU\SWAP wave spectrum 
no toclurtton o(hvdradynamic forces due to pipe penetration 
5. Z. 2 The generalized response of the pipeline in a given sea state is principally 
controlled by the following non dimensional parameters 
1, owd parameter I*t`niflcant K(: number) 
Pipe weight parameter 
Current to wave velocity ratio 
}felslive foil weight (for wand wail) 
Shear utrerºgth parameter (for clay wail) 
Time parameter 
where 
K-l;, 'ru / I) 1. W, /UbPw[)117. 
H. U,. / U, 
G (p, P. ) 11). P, /Pý. ) 
s=W, ([)S,, ) 
T T, /T 
Us and T. are the near bottom signif cant velocity normal to the pipeline 
and sera upcsosaing period. respectively. due to a given surface sea state 
U, is the steady current component in the boundary layer normal to the 
pipeline An average value into, ated over the diameter of the pipeline is 
uaod 
W. end I) are the submerged pipe weight and outer diumotar. respectively 
pr and p, pro the mans denrity of wºa watar and rand sail material. 
respectively 
... is the undrai nod shear strength of a clay soiI 
T is the duration of the we state in seconds 
&2.3 Pipeline on sand soil 
For a ptpelino on sand soil the genoralirrd response is given in terms of lateral 
displacement for it (roe section and bending strain corrval«rndin, to a flied point 
along the pipeline The displacement includes the expected not displacement 
plus one standard doviaUon plus t! w nurairuum amplitude of displacement in a 
single wave The I)e+sign Method dotr. rtninrs the prow weight that satisfies the 
given criteria for displacement and strain in the design sea state 
& 
.ii. 
1 Figures 01 to 56 give the generalized weight parameter L. versus K for 
specif cM values, solid lines Yiguroo are given (or values of the scaled lateral 
pope do. placsmont, d -- Y/ I). of 10.20 and 40 and lased on sea states with M(X) 
and 1000 wave periods. iaT"T, / To "" 600.1000 For a given pipeline with a 
specified design wave environment, intorlwlatsoot within thou. figures will give 
Ow nwc. "rry submerged pipe weight to satisfy the, deign criteria for lateral 
displacement gi%on in Section 42 A few iterations on the curv. u may be 
necessary to give satisfactorily accuracy in the design weight 
yet movement predictions may be sensitive to small changer in input 
parameters, thus sensitivity of results to each parameter should be checked 
&1.1.1 In rill a7 is al'u Klvon the ronorolired weight parnmoter 1. for a 
romplclc %table pipe 18 - 0) on Rata! Rn1) 
5.13.3 'i'hm Fbonding attain in the pipe at a ilard p>t)int alung thr prpelinr. aertron 
to aleo (4)und (ruin º'igutoa 51 to Q ti tduttrd Iinoa) Tho rnginrorinK atrain ra 
Voribc N{' E: ]O] 114 
calculated from the grnrralºzrd xtrain under the axxumption of a thinned walled 
pipe 
( AWýI) 









steel pipe diameter 
steel pipe thickness 
modulus of elasticity 
pipeline outside diameter 
The maximum allowed strain that can be accepted as   result from the 
Generaluod Stability Method to 02% This is due to the use of linear elastic 
material properties during the development of this method If the 
proportionality level (r 02 %) is exceeded a more refined analysis is 
recommended to study the bending strain based on a nonlinear material 
modelling The use of 20 m maximum movement will generally ensure that the 
strain criteria is also met. 
3.2.3.4 The Generalised Stability Analysis Method for sand sail in sfluitrated in 
Uºo following now chart: 




Interpolation in Vig 5156 gives 
L. W, - 1. "0.5"Vw "p"Ui ""1 
Chock relative chance in 1) 9 Unaccootabb t" --- -1 
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pe p* 0.76nK 
t I)ý fpý pt) 1 I)a Ipcc -pstl 1 I)cc lpe P" 
51% water abwrptinn can he assumed when calculating cnncrrta weight 
If strain limit (c -U 2'L) iii, oscewdrd 
I Itureaso latoral pipe wc, t(ht or 















drnsrty of concrrtr coating 
density ofcorrosu)n coating 
density of atrrl material 
density of internal content 
density of nen water 
internal pipe diameter 
outer steel pipe diameter 
outer -steel pipe diameter incl corrosion coating 
V*FIwc RP F30A 
5.2.3.5 The design curves given in Figures 51 to 56 relate to a pilx+line resting 
on a medium sand soil (p, 18(4) kg/m)) For sand soil with different density, the 
calculated submerged weight, W should be multiplied by a correction factor 
according to Fig 5.8 given as a function of the relative sail weight, li = p, / pM, "I 
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t'1ý. ls. l Generalised Weight Parameter L and HendinK Strain versus K for 
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Fig. &2 Clenrraliird Wright Parameter 1, and Bending Strain vvraua K for 
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Fig. 5.7 (irrirralitrd Wright Naratne(rr I. for a ti(ablr. Nips (Ii p) 
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Fig. 5.8 Correction Factor on Weight W. vorwuM Su, l UonMity 
6.2.4 Pipeline on clay soil 
For a pipoline on clay soil the Design Method datorininas the pipe weight that 
aatis1ios absolute stability (no breakout) for the extreme wave in the design sea 
state 
5.1.4.1 Figure f, 9 and 5 IU give the basis for the stability calculations for a 
pipeline on clay roil Design according to this figure will ensure that the, pipe is 
stable for the extreme wave combination in the specified design sea state The 
figure gives the critical weight parameter. 1, as a furwtion of dimensionless soil 
strength parameter. S/l.. as a function of K and MA few iterations on the rue veil 
are necessary to give satisfactory accuracy in the design weight 
5.1.4.2 A safety factor of 11 should be applied on the calculated stable weight as 
shown in 5243 
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5.7.4.3 'T'he Generalized Stability Analysis Method for clay soil is iIlustratod in the following flow chart 









('alculuto pipw diumeter. I) 
Calculate parameters K and M and S/l. 
ý 
Interpolation in Fig. 5.9 and 5.10 give 
l, cr, W. I yr " 0.5 " pw 'n, U. 2 
j Check relative change in D 
Acceptable I] 
Stable weight, W, found 
Vl 
gn Wright. W. 1 We - Sr "1 
The stable weimht, w,, calrulntrd based on Figs 59 and 5 10 must be 
multiplied with a safety factor tit 11 to arrive at design weight. 
5.15 The Generalised Stability Analysis presented above is 
following range of parameters 
4"K". 40 
o"M "' 08 
07 (i "' 10 (for rarxl rail) 
0 06 "S<8.0 (for clay roil) 
I). 04m 
valid for the 
The reason for the above validity in K and M is related to the use of the wake 
force model /IW in the dynamic simulation program from which the method was 
derived The sand and clay soil models have been tested within the above 
specified ranges The method presented above should be limited to pipeline 
diameters (outer) =04m, because the calibration has been performed for larger 
diameters 
For conditions outside the above range. the use of the simplified Analysis Method 
outlined in section 53 is recommended 
b. 3 SimplInod Static Stability Analysis 
5.3.1 The purpoxe of this section ºs to outline a simple method of stability design 
suitable for cbeck, ng stability ºn all normal design situations In Appendix It a 
calculation axamplr. ºs given 
t 
ýýritsr RI, 1 ]U! «f, 
6.3.2 The awthod is based on a stater ntability approach, which tins Ihr classical 
static design approach to the generalised stability mrthoci through a raltbralion 
of the classical method with generalised stahulity results A calibration factor 
(F'. ) is included, which has been developed from pip linos designed with a Iatrral 
displacement of up to 20 m The results are thus brought into agrrernent oven 
though tAa fortes calculated for any given ca" are riot necrssarily physically 
realistic iref ag constant ('i, 07 instead of as function of It,. K, roughnrss 
0 tc ) 
9 
4.13 The ooü ft, ct, on factot+ to be u. od in conjunction with tho simple design 
methad ate to be booed on wit claeu, lflcat, on no follows 
5R1TAc»t Es#z ti9f) S; AhD{Lon FFrctur 
Send 07 
('t"y riven in Figure 5 11 
1.1.4 The friction factors presontrd for clay sofJs in Figure 5.11 were developed 
as part o( the simplified method and consequently must only be used in 
conjunction with the simpltflfd design method 
ý 
ý 
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&3.3 Stability in this quasi static method is givvn by the following expression 
( VYdt'. P. I y' F ;, " t', 
. Arte 
WO j submorrod weight ofthe pipe 
1'. calibration factor 
. oil friction factor 
º' - Wt force 
Fp = drall fotca 
F, - iMrrua force 
&IS The Itenºting value of rubnwrKed weight can then be found from 
we - 




1.3.7 The variation of the calibration factor. If. with K and M is shown 
in 
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J 
5 10 15 20 27 30 35 40 4*j 90 
IlfUItOAN CARPtNTtR N1AARlR111) 
fir. s. 11 CwlUratsan F'actoc, F. aA F'unctsmi or K and M 
Yp hn Kr Rii1 ; I9 
&3.8 When , +ng t$o calituatwon 
factor F,,, to calculate W, t, the hydrmlynamac 
forte, , cans oo tkw ppo (Ft.. 
Fp and E, ) may by owttrnatod from the fallowing 
eaprew0ion" 
ý"p"p"Ct, "tl:, "cp. OiU,. )7 
}'y -ý" p., 
n Cd ((U, tx)rH i Uý) ý(Ut, " cot. 0 1 U, ) 
}, - In 13t)/t 
C"A, "NInO 
where 
po mass density of water 
U total outside diameter of the pipe 
CL lift force coomciont (C, - 0,9) 
C¢ dyes force ccwMcient (Cp - 0,7) 
C' a uxrtia force coerT'icient (C, r 1* 3 29) 
Us sijnºficant near bottom velocity amplitude perpendicular to the 
pipeline 
Uc current velocity perpendicular to the pipeline 
A. -s gnißcant acceleration perpendicular to the pipeline 0- 211 U. /T) 
0 phase angle of the hydrodynamic force in the wave cycle 
tl. 1.9 1nformatlon on the estimation of the water particle characteristics is given 
in aectson 2 
ß. 3.1o Values for the moil friction factor are based on the ail classification of the 
seabed Recommended ail friction factors arr given in 5 31. 
&3. l l) or K' 60 and al r08. (i a approaching stationary current), a constant 
calibration actor F. 12 may be applied 
&3.13 For subcrrtkaI and critical no. regime. i r. it. 3 104. and M .. 0B. 
realistic hydrodynamic coefficients. valid for stationary currant (Cl, -12. C,. 
0 9). should be applied to determine hydrodynamic forces for the stability 
cakulations 
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AI'Isf: tiI)IX A 
Ai'NK()XIMATI! MET11()1) TO ('AI. CUI. A'I't: H()UNpAKY I. AYF: K 
Kt: l)l: ('TION 
A. 1 INTRODUCTION 
Thi" Appendix present an approximate method (or calculating a boundary Iever 
reduction factor which may be applied to the steady current valocity uard in thr 
calculation of pipeline . tsbility 
1? ºe a»thad can be applied to both steady currant and combined wave/steady 
current flow conditlona over fixed bottoms of granular materials. The effect of the 
seabed roughness and wave/current interaction are accounted for in this 
simplified procedure tto"ever other effects such as sediment transport and 
ripple formation are not included These effect, will in general lead to greater 
velocity reducuons 
T ?wc. kulatton procedure outlined below is based on work reported in /A 1/ 
Al Vl: l. OC1TY PROMS 
The . toady flow ie doecrtbed ae a logarithmic velocity profile of the form. 
l. i- 
t 
l: - M('ý, "I 
-hero 
l'" - friction velocity 
von Karman', constant 04) 
elevation above the wobed 
tv - bottom roughness parameter 
(A 1) 
The average atrady velocity acting over the pipe is appropriate for use in 
determining the hydrodynamic (orcem on the pipe 






U(l)d(A) (A. 2) 
The ratio between this average velocity and a known reference steady 
relocity, l:,, at carne height i, above the seabed 6 given by 





1i 'ü. I. In l, 
Jnlt ýf "1l 
1"ýýýý In U4tl fl(-1I (A 3) 
ri' I. inI £ 
-) 
a. may by takon as ] in if moot her information it avaiIablo 
31 v.. 44.. NN r30e 
A. 3 ('UHHKNT rl. ()W 
V *r 0 60"" of shady currant flow actin* alone the rRoct of the seabed rouithne"r 
(grain stso) may be accounted for in the boundary layer velocity estimation 
The mean pain *is*. dap. sa related to Nlkuradse'a equivalent %and roughness 
parameter. Ka. and to the bottom roughneas by 
Kr1 ý2Sd.. (A 4) 
K1 
The moon groin sºso may tie estimated from Table AI 
To following procedure may tlwn be followed to eetl, nata the boundary layer 
reducüon 
Kalimale the mean grain süa (da, ) from soil samples or from Table 
Al 
A. 4 COMBINED WAVE ANl) ('URRYNT FWW 
The non linear interaction between the wave and the current now romalt, in a 
modification of the steady velocity profile. This modification of the steady now 
component is attributed to an apparent increase in the seabed roughness. 
The apparent roughnera (A.. ) is dependant on. the ratio between the wave induced 
velocity and the steady current velocity. even by 
i-- " 30 
/1/ CMkulato Ks, te, U/so and a, /a. 
/V Cakvlate the velocity rrductlan factor. U1/U, frorn equation (A 3) 
U. /u, 
wAol" 
U, tirniflcent horizontal wave induced velocity at the roforonco 
dwance lt, ) above the Nahbad 




A. = orbital pemi diameter o( the water lºarlicloo nroocisted with U*, i a, 
A. - (l:, Tr/'! n) 
TM deterrntnation of the boundary laver reduction factor is based on similar 
asaumpauºna to the rteadv flow care In addition it to aaaummrd that the bottom 
material dove not form into rspploa, and that the etoody current and the wave 
flow are co directional Threr art, twth conºrrvatsvo airumptionº The apparent 
rourhne s tt. a) can be obtained front FtKurrr AI to A7 and thr boundary layer 
reduction factor then obtained from equation IA J), with za Mubetituted for td 
vofIssý Kt Kxif 32 
This mathad is valid peovidod tho 
lollowkni art, %atiaflad 








The following procedure may be adopted to estimate the boundary layer 
reduction factor for combined wave and current flown. 
Estimate the mean grain slse (d&o) from soil samples or from Table 
Al 
2 Gskulato Kb, +o, s, /Kb and Kb/A. 
3 Check that the parameters 7.,, Ao/Kb and U. /U, are within the 
rongvI of validity 
4 From Figures AI to A5 determine the appropriate value of z«/7 
and hence i This may require interpolation between figures for 
various values of ir/Kb 
S 
't'able A. 1 
I 
Ytioabed 
Calculate the velocity reduction factor. U1JU, from oquation (A. 3) 
substituting a.. for i,. 








































4 17F: 2 
A: I 
A. S l: XAM1'1. KS 
: 1i Current Flow 
Ve"+t. s its- ra0a 
A pipeline with an oaternal diameter of 0 Stn to to be placed in a tidal stream 
with a velocity of Inv* measured at am above 
the meshed The seabed rnatersal la 
cwrse sand rand the average velocity acting across the diameter of the, pspr sne 
Yom lAe pfpbI4pQ! %fTYiAtion lho following arv K1von. 
V oem 
U, ,1 mh 
.. - Sm 
Vor course *and the following can be eitractod from Table 11.1: 




ý. _ 60000 
and rubtitutu+R into equation (A 3) gives, 
Ut/U, -07 giving Up -- 0.7mh 
'i')! e Avtran vtl«tty acr4la Sb w ioe diameter is 0_Tm/v 
/7/ Combined Wave and Current mow 
A pipeline with an external diameter of 0 5m is to placed on the seabed with a 
water depth of 30m The design wave conditions for the area show a significant 
wave height of Sm with a peak period of 13s, The design current velocity is 1 m/s 
measured at bm above the aoabed The seabed material is coarse send. 
Find the average suady velocity acting on the pipe. 
From the problem (ormut. on the following are given 
pýObm 
tit -1 mh 
., Sm 
H. - em 
Tp = 13. 
4-30m 
It- 10 
Calculating the **or bed oºgntficent wave induced particlo velocity and 
aowNatod perwd at tAe sosbod (rom rigs 21 and 22 
tJ. " -1 "two T - 12 JS" 
The eaºplstude of the horisontal water particle displacement la estimated as 








ror coarse sand the following can be extracted from Table A. 1: 
d - Imm 
Ka n Z, E: Jm 
a A33E: 8m 
giving 
44 /K%, - 2000 
A, /K6 ; 1220 
Chocking the rosionaof validity 
^ n7b 
0 zA. 1 K. =103t-1 0 
A. /Ký "" 1220 
lbb 




as / s.. 17 6 giving it.. -1 46 E; "3 m 
The velocity reduction factor is then found from equation (A. 3), Riving 
/V , =06 = 0d and thus Up + 06m/s 
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B. l INTRODUCTION 
This Appendix presents some calculation examples of the simplified and 
generalized methods. The examples are for the following design case: 
Pipeline design parameters: 
Steel pipe outer diameter, 
Wall thickness, 
Internal diameter, 
Corrosion coating thickness, 
Density of corrosion coating, 
Density of concrete coating, 
Density of internal content, 
Density of seawater, 
Density of steel, 
Soil type: Medium sand of density, p, = 
D, 0.4064m 
t, = 0.0127 m 
Di = 0.3810m 
t, = 0.005 m 
P« = 1300 kg/m3 
pc = 2400 kg/m3 
Pi = 10 kg/ni3 (gas) 
Pw = 1025 kg/m3 
Pat = 7850 kg/m3 
1860 kg/m3 
Environmental data: 
significant wave height, 
spectral peak period, 
water depth, 
current 3 in above bottom, 
HS = 14.5 m 
TP = 15s 
d= 110m 
U, -0.6m/s 
B. 2 SIMPLIFIED METHOD 
1. Find water particle velocities: 
For wave, using Fig. 2.1 - 2.3. 
T. = v/(d / g) = V(110 / 9.81) = 3.348 
T / Tp = 3.348 / 15 = 0.223 
From graph, Fig. 2.1 (Pierson Moskovitz, PM): (U, 'T) / H, = 0.14 
U, ' = (H, /T. )-0.14 = (14.5/3.348). 0.14 = Q. 606 m/s 
Zero-up-crossing period, T - using Fig. 2.2 
T/Tp = 1.07-'T = 1.06"Tp = 16.05 sec. 
Directional and spreading factor assumed to be 
R=1.0 - no reduction. 
U. = Ua' "R=0.606 m/s 
T = 16.05 sec. 
: 19 Voritec RP l: JOb 
Current velocity. 
The current velocity 3m above seabed (7, = 3). 
Ur 0.6 min 
To calculate average velocity across the pipe assuming an approximate 
pipe diameter of 05m (i e. Including corrosion coating plus 40 mm of 
concrete coating). 
Medium sand assumed, from 7'nble Al. 
d.. 05mm 
?, o 4A7-108m 
which Rivee' 
1)/? ý 11990 
7, /1,. "3.0/4.17.106ý71942 
Substituting in equation A. 3. 
Lýcý_ 1 (f 1 
U In(71942 # 1) (I1ý 11990 11n1 1990+ 1) - 11 
l: u, / U, =0 '1604 
Up = 0.7504 " U, _06.0 7504 - 0.45 m/s 
2 Using simplified static stability method: 
Medium rind has been assumed, ps0.7. 
CL =09, Cc, in 0.7, Cm = 3.29 
An approximate diameter, 1) 0.5 m 
L, 









K , 1946 
tý 08 
From Fig 5 12. F. 1 25 
f'erltec RP txa 4(1 
Computing hydrodynamic forren and iterating to rind the phase angle U)) 
giving maximum suhmerged weight requirement (W, ). 




FC, -" 1t1S. 1 N/m 
W. ;! 0ý 
-ý-- 1.25 IN/in) 
P, = 58.4 N/m . 
W. 728.75 N/m 
&MijUjamidmand w4iYhlgf328 75 N/m is required. 
(Calculate concrete density required to achieve the above submerged wright with 
the estimated concrete thickness Keviae concrete thickness and density as 
neceaaary and repeat until a satisfactory combination of density and thickness is 
achieved) 
8.3 (; l: NJXAI. IZFI) METHOI) 
From simplUiad static analysis, we have determined the following start valur  
We 728 78 N/m 
U05m (initial approximate outer pipe diametcr) 
Using the flowchart, section 5234, assume thicknesses in first trial to he as for 
Simplºfled Method above 
Check diameter against formula 
U+ý 
1- 728 75 
_, 0.38102(7850-- 10) 4 2400 - 1025 0 75-n"9.81 
0 40642(1300-7850) .0 41842 (2400 "- 1300) (ml 
1) =05m required outer 
diametor 
Calculate parameters (environmental data from simplified static stability 
method) 
11 





'6() 'ein T:, T = lA AS 
A72 90 (3 Iwuntalarm durrtion) 
Y 
41 
Target displwcamont ;1Um, 8: 
V`"lyp RP F. 3O3 
displacement 10 
p 05 -20 
Using Fig 51 to 56 to determine 1, by interpolating with respect to valuaa for b 
and Tam necessary. 
b= 20, T 500 give N/l. =2 65 interpolating, N/1, = 2.72 da 20, T 1000 st ve N/L 2 85 
-"L740 
GoaºpuunR now 
Compute now U 
W. ý- I. "0.5"pw"1)"ll.? 
R 740.05.1025.0600"0.6062 V/m 
W. w 696,4 N/m 
4 
Da 1 2400' 1025 
10 
69n9 81 
f-0,38102(7850- 10) f 
0 40442(100-7860)+0 41842(2400- 1300) 
11 
(mJ 
I) -0 497 in 0"0 A% dlferenco from triel figure of 0 500 m. therefore 
acceptable) 
Check Mrain level 
t'rom Fis 5I54. by interpolation c' -2 6% 
t; nRineerinR strain, section 5233 
e" esa a" o aoo 
c= -ý--_-____ 
/"2.8-0 0023 96 OK(i. e, <02S) 
n"2 1 -1011- 00127"0 4064 
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